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Poiymerizable Compositions Containing Alkoxvamine Compounds Derived From 
Nitroso- Of Nitrone Compounds 

The present invention relates to a poiymerizable composition comprising a) at least one 
ethylenically unsaturated monomer and b) a nitroxide initiator compound. Further aspects of 
the present Invention are a process for polymerizing ethylenically unsaturated monomers, 
novel initiator compounds and their use for polymerization, and also the polymer or 
copolymer produced by this process. 

More specifically, in one of its aspects the present invention relates to poiymerizable compo- 
sitions and polymerization processes which provide polymeric resin products having low 
poiydispersity , which polymerization processes proceed with enhanced monomer to polymer 
conversion efficiencies. In particular, this Invention relates to stable free radical-mediated 
polymerization processes which provide homopolymers, random copolymers, block 
copolymers, multiblock copolymers, graft copolymers and the like, at enhanced rates of 
polymerization and enhanced monomer to polymer conversions. 

Polymers or copolymers prepared by free radical polymerization processes Inherently have 
broad molecular weight distributions or polydispersities which are generally higher than 
about four. One reason for this is that most of the free radical initiators have half lives that 
are relatively long, ranging from several minutes to many hours, and thus the polymeric 
chains are not ail initiated at the same time and the initiators provide growing chains of 
various lengths at any time during the polymerization process. Another reason Is that the 
propagating chains in a free rarfcal process can react with each other in processes known 
as combination and disproportionation, both of which are irreversibly chain-terminating 
reaction processes, in doing so, chains of varying lengths are terminated at different times 
during the reaction process, resulting in resins consisting of polymeric chains which vary 
widely in length from very small to very large and which thus have broad polydispersities* If a 
free radical polymerization process is to be used for producing narrow molecular weight 
distributions, then ail polymer chains must be initiated at about the same time and 
termination of the growing polymer-chains by combination or disproportionation processes 
must be avoided . 

Conventional radical polymerization reaction processes pose various significant problems, 
such as difficulties In predicting or controlling the molecular weight, the poiydispersity and 
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the modality of the polymers produced. These prior art polymerization processes produce 
polymers having broad polydispersites and in some instances, low polymerization rates . 
Furthermore, free radical polymerization processes in bulk of the prior art are difficult to 
control because the polymerization reaction is strongly exothermic and an efficient heat 
removal in the highly viscous polymer is mostly impossible. The exothermic nature of the 
prior art free racfical polymerization processes often severely restricts the concentration of 
reactants or the reactor size upon scale-up. 

Due to the above mentioned uncontrollable polymerization reactions, gel formation in 
conventional free radical polymerization processes are also possible and cause broad 
molecular weight distributions and/or difficulties during filtering, drying and manipulating the 
product resin. 

US-A-4 581 429 to Solomon et aL, issued April 8, 1986, discloses a free radical polymeriza- 
tion process which controls the growth of polymer chains to produce short chain or oligo- 
mers homopolymers and copolymers, including block and graft copolymers. The process 
employs an initiator having the formula (in part) R'R"N-0-X, where X is a free radical species 
capable of polymerizing unsaturated monomers* The reactions typically have low conversion 
rates. Specifically mentioned radical FVFTN-O groups are derived from 1,1,3,3 tetraethyl- 
isoindoline, 1,1,3,3 tetrapropylisolndollne, 2,2,6,6 tetramethylpiperidine, 2,2,5,5 tetramethyl- 
pyrrolidine or di-t-butylamine. 

EP-A-735 052 discloses a method of preparing thermoplastic polymers of narrow poly- 
dispersities by free radlcal-lnitated polymerization, which comprises adding a free radical 
initiator and a stable freetadical agent to the monomer compound. - - 

This method has the disadvantage that uncontrollable recombinations of initiator radicals 
occur immidiately after their formation, thus producing variable ratios between initiator 
radicals and stable free radicals. Consequently there is not enough control about the 
polymerization process. 

There Is therefore still a need for polymerization processes for the preparation of narrow 
polydispersity polymeric resins with defined molecular weights using the economical free 
radical polymerization techniques. These polymerization processes will also control the 
physical properties of the polymers such as viscosity, hardness, gel content, processability, 
clarity, high gloss, durability, and the like. 
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The polymerization processes and resin products of the present invention are useful in many 
applications, including a variety of specialty applications, such as for the preparation of block 
copolymers which are useful as compatibilizing agents for polymer blends, or dispersing 
agents for coating systems or for the preparation of narrow molecular weight resins or 
oligomers for use In coating technologies and thermoplastic films or as toner resins and 
liquid immersion development ink resins or ink additives used for electrophotographic 
imaging processes. 

Surprisingly, it has now been found that it is possible to overcome the afore mentioned 
shortcomings of the prior art by providing a potymerizable composition containing specific 
initiator compounds. The majority of these compounds are novel and they are also an object 
of the present invention. Polymerization of the composition results in a polymer or copolymer 
of narrow polydisperslty and a high monomer to polymer conversion even at relatively low 
temperatures and at short reaction times, making the polymerization process particularly 
suitable for industrial applications. The resulting copolymers are of high purity and in many 
cases colourless, therefore not requiring any further purification. 

One object of the present invention is to provide a potymerizable composition, comprising 

a) at least one ethylenically unsaturated monomer or oligomer, and 

b) an initiator compound of formula (I) 



wherein n is 0 or 1 

Ri. R21 R3 are each independently of one another hydrogen, halogen, N0 2 , cyano, 
-CONR 5 Re , -(RbJCOOR,, -C(0)-R 7 , -OR fl . -SR* -NHR* -N(Re>* carbamoyl, di(C r 
Ci 8 alkyl)carbamoyl, -C^NRsHNHR*); 

unsubstituted C r C ia alkyi, CrCisalkeny), CrCiaalkynyl, CrCgphenylalkyl, GrCtscycloalkyl or 
Ca-Ci2cycioaikyl containing at least one nitrogen or oxygen atom; or 




R1 r- 



'3 
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CrC 18 alkyl f C2-Ci e alkenyi 9 C 2 -C 18 alkynyl, CrCsphenylalkyl, Crdzcycloalkyl or C3- 
C 12 cyctoalkyi containing at least one nitrogen or oxygen atom, which are substituted by N0 2 , 
halogen, amino, hydroxy, cyano, carboxy, d-da!koxy, Ci-C 4 aIky!thio, Ci-C 4 alkyIamino or 
di(Ci*C 4 alkyl)amino; or 

phenyl, naphthyl, which are unsubstituted or substituted by C r C 4 alkyl, d-C 4 aikoxy, d- 
C 4 aikylthio t halogen, cyano, hydroxy, carboxy, Ci-C 4 aikylamino ordi(d-C4alkyl)amino; 
or R 2 and R 3 , together with the linking carbon atom, form a C 3 -d 2 cycloalkyl radical, a (C 4 - 
C 12 cycloalkanon)-yl radical or a C 3 -Ci 2 cycloalkyI radical containing at least one O atom 
and/or a NR a group; or if n is 1 



FU is hydrogen, d-dealkyl, phenyl, an alkali metal cation or a tetraalkylammonium cation; 
R 5 and Re are hydrogen, d-deaikyl, C2-dsalkyl which is substituted by at least one hydroxy 
group or, taken together, form a C 2 -Ci2alkylene bridge or a (Vdraikytene bridge 
interrupted by at least one O or/and NR 8 atom; 
Rr Is hydrogen, CrC 18 alkyl or phenyl; 

Re is hydrogen, d-deaikyl or Crdaalkyl which is substituted by at least one hydroxy group; 
R* is d-C^alkyten or a direct bond; 

R 10 is C 4 -Ci©alkyl bound via a tertiary C-atom to the nitrogen atom, Cg-Cnphenylalkyl, Qr 
C 12 cycloalkyl or C3-C 12 cycloaikyl containing at least one nitrogen or oxygen atom; or 
C 4 -Ci8alkyl bound via a tertiary C-atom to the nitrogen atom, Cg-diphenylalkyl, Cr 
C 12 cycloalkyl or C3-C 12 cycloalkyl containing at least one nitrogen or oxygen atom, which are 
substituted by N0 2 , halogen, amino, hydroxy, cyano, carboxy, d-C 4 alkoxy, Ci-C 4 alkylthio, 
d-C^lkylamino or di(d-dalkyi)amino; or 

phenyl, naphthyl, which are unsubstituted or substituted by d^alkyl, d-dalkoxy, d- 
C 4 aikylthio, halogen, cyano, hydroxy, carboxy, d-C 4 alkylamino or dl{C 1 -C 4 alkyl)amino; 
if n is 1 

Rn Is d-Ciaalkyt, CrC»phenylalkyt, CVdiCycloalkyl or CrCi2cycloalkyl containing at least 
one nitrogen or oxygen atom; or 

d-Ctsalkyl. CT-Cgphenylaikyi, Qrdacycloalkyl or CrCi 2 cycloa!kyl containing at least one 
nitrogen or oxygen atom, which are substituted by N0 2 , halogen, amino, hydroxy, cyano, 
carboxy. d-C 4 alkoxy, d-dalkylthio, d^alkylamino or cfi(Ci-C 4 alkyl)amino; or 




are a group 




WO 99/03894 PCT/EP9S/04102 

• X, 



phenyl, naphthyl, which are unsubstituted or substituted by d-C 4 alkyl, d-dalkoxy, C r 
C 4 aikylthlo, halogen, cyano P hydroxy, carboxy, C r C 4 alkylamino or di(d-C4alkyl)amlno; or 
a polycyclic cycloaliphatic ring system or a polycyclic cycloaliphatic ring system with at least 
one di- or trivalent nitrogen atom; or 

R 10 and Rn together form a CrCiaalkylene bridge, a Ca-C^alkylen-on bridge or a C 2 - 
Ci 2 alkylene bridge which is interrupted by at least one O or N atom, which bridges are 
unsubstituted or substituted with d-Ci a alkyl, hydroxy (C r C 4 )alky I, phenyl, Cr-Cgphenylalkyl, 
N0 2l halogen, amino, hydroxy, cyano, carboxy, C 1 -C 4 alkoxy, d-C4alkylthio f d^alkylamino 
or di(CrC4alkyl)amino ( 

R 12 is hydrogen, -(RJCOOR* cyano, -OR* -SRs, -NHRs, -N(Ra}2» -NH-C(0)-Rb, 
unsubstituted d-daalkyl, drdsalkenyl, C 2 -daalkynyl, CrCophenylalkyl, Crd 2 cydoalkyl or 
CrC 12 cycloalkyl containing at least one nitrogen or oxygen atom; or 
'd-Ciaalkyl, Cz-dealkenyl, d-Cta alkynyl, CrCephenylalkyi, C3-Ci 2 cycioalkyl or C3-Ci 2 cyclo- 
aikyl containing at least one nitrogen or oxygen atom, which are substituted by N0 2> 
halogen, amino, hydroxy, cyano, carboxy, Ci-C 4 alkoxy t Ci-C 4 alkylthio t d-dalkylamino or 
di(d-C 4 alkyl)amino; or 

phenyl, naphthyl, which are unsubstituted or substituted by d-dalkyi, d-dalkoxy, d- 
dalkylthio, halogen, cyano, hydroxy, carboxy, d-C 4 a!kyiamino, di(d-C 4 alkyl)amino; or 
R n and R« together with the linking carbon atom form a Crdacycloalkyl radical; 
with the proviso that bis-{2-cyano-2-propyi)-N-phenylhydroxylamine is excluded and if n s 0 
R,o is different from the group -CRiR 2 Ra. 

The Initiator compound of formula (I) is preferably present in an amount of 0,01 mol-% to 30 
mol-%, more preferably In an amount of 0.1 mol-% to 10 mol-% and most preferably in an 
amount of 0.1 to 5 mol-%, based on the monomer, oligomer or monomer/oligomer mixture 
used. 

Preferrably compounds of formula (I) do not contain the structural element 2,2,6,6 tetra(d- 
C 4 alkyl)piperidine, 2,2,5,5 tetra(d-C4alky1)pyrrolidin or 1,1,3,3 tetra{C r C 4 alkyl)lsolndoline 

Halogen is fluoro, chtoro, bromo or iodo. 

The atkyl radicals in the various substituents may be linear or branched. Examples of alky! 
containing 1 to 18 carbon atoms are methyl, ethyl, propyl, isopropyl, butyl, 2-butyl, isobutyl, t- 
butyl, pentyl, 2-pentyl, hexyl, heptyl, octyl, 2-ethylhexyl, t-octyl, nonyl, decyl, undecyl, 
dodecyl, tridecyi, tetradecyl, hexadecyl and octadecyl. 
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The alkenyl radicals in the various substituents may be linear or branched. Examples of C 2 - 
Ci B alkenyl are vinyl, allyl, 2-methylallyl, butenyl, hexenyl, undecenyl and octadecenyl. 
Preferred alkenyls are those, wherein the carbon atom in the 1 -position is saturated and 
where the double bond is not activated by substituents like O, G=O t and the like. 
Examples of C 2 -Ci 8 alkynyl are ethynyl, 2-butynyl, 34iexynyl, 5-undecynyl, 6-octadecynyl. 
The alkynyl radicals may be linear or branched. 

Cy-Cgphenylalkyl is for example benzyl, phenylpropyl, a.a-dlmethylbenzyl or a-methylbenzyl, 

Cg-Cuphenylalkyl is for example a,cc-dimethylbenzyl, o^a-metylethylbenzyl or a,a- 
diethylbenzyL 

C3-Ci 2 cycloalkyl which is unsubstituted or substituted by 1 , 2 or 3 C r C 4 aikyl is typically 
cyclopropyl, cyclopentyl, methylcyclopentyl, dimethylcydopentyl, cyclohexyl, methylcyclo 
hexyl. 

Alkyl substituted by-OH is typically 2-hydroxyethyl, 2-hydroxypropyl or 2-hydroxybutyl. 

d-CisAlkyl substituted by CrC 8 alkoxy, preferably by C r C 4 alkoxy, in particular by methoxy 
or ethoxy, Is typically 2-methoxyethyl, 2-ethoxyethyl, 3-methoxypropyl, 3-ethoxjpropyl, 3- 
butoxypropyi, 3-octoxypropyl and 4-methoxybutyl. 

Ci-C 18 Aikyl substituted by cB(C,-C 4 alkyl)amino is preferably e.g. dimethytamino, 
diethylamlno, 2<BmethylamInoethyi t 2-dlethylaminoethyl, 3<llmethylaminopropyl r 3- 
diethyiaminopropyl, 3-dibutylaminopropyl and 4-dethylaminobutyl. 

d-CiaAlkyl substituted by Ci-C4alkylamlno is preferably e.g. methylamino, ethylamino, 2- 
methylaminoethyl, 2-ethylaminoethyl, 3-methylaminopropyl, 3-ethylamlnopropyl, 3-butyl- 
aminopropyl and 4-ethylaminobutyl, 

d-CsAlkoxy and, preferably Ci-C 4 alkoxy, are typically methoxy, ethoxy, propoxy, isopropoxy l 
butoxy, Isobutoxy, pentoxy, isopentoxy, hexoxy, heptoxy or octoxy. 

C t -C4Alkylthio is typically thiomethyl, thioethyl, thiopropyl, thioisopropyl, thlobutyl and 
thioisobutyl. 
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CrCizcycloalkyl interrupted by at least on nitrogen or oxygen atom is typically oxiran, 1,4- 
dioxane, tetrahydrofuran, y-butyrolactone, e-caprolactam, oxirane, aziridine, cfiaziridine, 
pyrrole, pyrrolidine, thiophen, furan, pyrazole, imidazole, oxazole, oxazollcBne, thiazole, 
pyran, thiopyran, piperidine or morpholine. 

Examples of Ca-Cisalkyiene bridges, preferably of Ca-Cealkylene bridges, are ethylene, 
propylene, butylene, pentylene, hexylene. 

Cz-Ci2alkylene bridges interrupted by at least one N or O atom are, for example, 
^Hz-O-CHrCH*. -CHrO-CHz-CHrCHa, ^CHz-O-CHsrCHrCHa-CHa-, 
-CH 2 -0-CH2^CHrO-CH2- f -CH2-NH-CH2-CH2, -CH2-NH-CH2-CH2-CH2, 
^CH r NH-CH2-CH 2 -CHrCH rp -CH 2 -NH-CH2-CH 2 -NH-CH2- or -CH 2 -NH-CH 2 -CH r O-CH2-. 

Examples for C 4 -Ci2cydoalkanone-yi are cyclopentanone-yl, cyclohexanone-yl or 
cycloheptanone-yl. 

Phenyl substituted by 1 , 2 or 3 d-C^alkyl or Ci-C 4 alkoxy Is typically methylphenyl, dimethyl- 
phenyl, trimethylphenyl, t-butylphenyl, dW-butylphenyl, ^S^M-butyl-A-methylphenyl, 
methoxyphenyl, ethoxyphenyl and butoxyphenyl. 

Examples of poiycyclic cydoaliphatic ring systems are adamantane, cubane, twistane, 
norbornane, bycyclo[2.2J2]octane or bycyclo[3.2.1]octane. 

An example of a poly cyclic heterocyclballphatic : ring system is he^umethylentetramine 
(urotroptne). 

The Oatom to which the substituents R tl R2 and R* are bound Is preferably a secondary or 
tertiary C-atom more preferably ft Is a tertiary Oatom. 

Examples for C 4 -Ciealkyl bound via a tertiary C-atom to the nitrogen atom are the following 
groups: 
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The monomers suitable for use in the present invention may be water-soluble or water- 
insoluble. Water soluble monomers contain typically a carboxylic add group or a salt of a 
carboxylic acid group. Water insoluble monomers are typically free of acid and phenolic 
groups. 

Typical monoethylenically unsaturated monomers free of carboxylic acid which are suitable 
for this invention include the alky] esters of acrylic or methacrylic acids such as methyl 
acrylate, ethyl acrylate, butyl acrylate, methyl methacrylate, ethyl methaciylate, butyl 
methacrylate and isobutyl methacrylate; the hydroxyalkyl esters of acrylic or methacrylic 
acids, such as hydroxyethyl acrylate, hydroxypropyl acrylate, hydroxysthyl methacrylate, and 
hydroxypropyl methacrylate; acrylamide, methacrylamide, N-tertiary butylacrylamide, 
N-methylacrylamide, N.N-dimethylacrylamide; acrytonltrile, methacryionitriie, allyl alcohol, 
dimethylaminoethyl acrylate, dimethylaminoethyl methacrylate, phosphoethyl methacrylate, 
N-vinylpyrrolidone, N-vlnylformamlde t N-vinylimidazole, vinyl acetate, conjugated dienes 
such as butadiene or Isoprene, styrene, styrenesulfonic acid salts, vinylsulfonic or 
2-acrylamido-2-methyipropane-suWonic acid salts and acryloyl chloride. 

The polymerizable composition of the present invention may additionally comprise a solvent 
selected from the group consisting of water, alcohols, esters, ethers, ketones, amides, 
sulfoxides, hydrocarbons and halogenated hydrocarbons. 

Preferred ethylenically unsaturated monomers or oligomers are selected from the group 
consisting of styrene, substituted styrene, conjugated dienes, acrolein, vinyl acetate, 
(alkyl)acrylic acidanhydrides, (alkyl)acrylic acid salts, (alkyl)acrylic esters or 
(alkyl)acrylamides. * - - - 

Particularly preferred ethylenically unsaturated monomers are styrene, a methyl styrene, p- 
methyl styrene or a compound of formula CH2=C(RaMC==Z)-Rb, wherein R. is hydrogen or 
Ct^alkyl, is NH 2 , 0(Me), glycldyl, unsubstituted d-Ciealkoxy or hydroxy-substituted d- 
C 1B alkoxy, unsubstituted Ci-Ci e alkylamlno, dl(CrC t8 alkyl)amino, hydroxy-substituted C,- 
Ctealkylamino or hydroxy-substituted d(Ci-C 1B alkyi)amino; 
Me is a monvalent metal atom and 
Z is oxygen or sulfur. 



Typical metal atoms are Na, K or U. 
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Examples and preferences for alkyl, alkoxy, alkylamino, dialkylamino and hydroxy- 
substituted alkoxy are afore mentioned. 

In a particular preferred composition R a is hydrogen or methyl t R b is NH 2f gtyddyl, 
unsubstituted or with hydroxy substituted Ci-C 4 alkoxy, unsubstituted CrC 4 alkylamino, di(Ci- 
CialkyOamino, hydroxy-substituted d^lkylamino or hydroxy-substituted dl(d- 
C4alkyl)amino;and 
Z is oxygen. 

Most preferred is a polymerizable composition, wherein the ethylenicaily unsaturated 
monomer is methyiacrylate, ethylacrylate, butylacrylate, isobutylacryiate, tert. butylacrylate, 
hydroxyethyiacrylate, hydroxypropylaciylate, dimethylaminoethytacrylate, glycidylacrylates, 
methyl(meth)acrylate, ethyl(meth)acrylate, butyl (meth)acrylate, hydroxyethyl(meth)acrylate, 
hydroxypropyl(meth)acrylate, dimethylaminoethyl(meth)acryiate l glycidyl(meth)acrylate$, 
acrylonitrile, acryiamide or methacrylamide. 

Examples of comonomers suitable for use in the present invention are CrCsethylenicaily 
unsaturated monocarboxylic acids as welt as the alkali metal salts and ammonium salts 
thereof. The CrC 6 ethylenically unsaturated monocarboxylic acids include acrylic acid, 
methacrylic acid, crotonlc acid, vinylacetic acid and acryloxypropionic acid. Acrylic acid and 
methacrylic acid are the preferred monoethylenically unsaturated monocarboxylic acid 
monomers. 

Examples for Ce-Cie ethylenicaily unsaturated phenoilcs, which may also be used as 
comonomers include 4=+iydroxy styrene, 4-hydroxy, o-methyl styrene, and 2,6-tfitert butyl* - 
4-vfnyl phenol. 

Another class of carboxylic acid monomers suitable for use as comonomers in this invention 
are C 4 -C*-6thylenicany unsaturated dicarboxylic acids and the alkali metal and ammonium 
salts thereof as well as the anhydrides of the ds~dBcarboxylic acids. Suitable examples 
include maleic acid, maleic anhydride, itaconic acid, mesaconic acid, fumaric add and 
citraconic acid* Maleic anhydride and itaconic acid are the preferred monoethylenically 
unsaturated dicarboxylic acid monomer(s). 

The add monomers suitable for use in this invention may be In their acid forms or In the form 
of the alkali metal salts or ammonium salts of the acid. Suitable bases useful for neutralizing 
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the monomer acids include sodium hydroxide, ammonium hydroxide, potassium hydroxide, 
and the like. The acid monomers may be neutralized to a level of from 0 to 50% and, 
preferably, from 0 to about 20%. In many cases, the carboxylic acid monomers may be used 
in the completely neutralized form. The monomers may be neutralized prior to or during 
polymerization. 

Preferred are neutralized carboxylic acid monomers or anhydrides. 

Preferred initiator compounds are those, wherein n is 0 or 1 ; 

Rt, Ra. R3 are each Independently of one another NO* cyano, -(RsJCOOFU. -CONRsR* , - 

C(0)-R7, -ORe. carbamoyl, di(Ci-Ciaalkyl)carbamoyt, -C(=NR 8 )(NHR6); 

unsubstituted d-d*alkyl, CrCgphenylalkyl or d-dacycloalkyl; or 

d-Ciealkyi, CrCaphenylalkyl or Crdacycloalkyl, which are substituted by amino, hydroxy, 

cyano, carboxy, d-C4alkoxy, Ci-C 4 aikylamlno or di(d-dalkyl)amino; or 

phenyl, which are unsubstituted or substituted by C,-C*alkyl, d-C4alkoxy, d-C 4 alkylthio, 

halogen, cyano, hydroxy, carboxy, d-dalkylamlno or di(d-C 4 alkyl)amino; 

or R 2 and R3, together with the linking carbon atom, form a C3-d 2 cyctoalkyl radical; 

FU Is, Ci-daalkyi, phenyl, an alkali metal cation or a tetraalkylammonium cation; 

Rs and R« are hydrogen, Ci-dsalkyI, CrC 18 alkyl which is substituted by at least one hydroxy 

group or, taken together, form a Crd2aJkylene bridge; 

R7 is hydrogen, d-C 18 alkyl or phenyl; 

Ra is d-d B alkyl or Crdualkyl which is substituted by at least one hydroxy group; and 
R 9 is C r C 4 aikyten or a direct bond. 

R 10 is C 4 -daalkyi bound via a tertiary C-atom to the nitrogen atom, phenyl, drCnphenylalkyl 

or CrCi2cycloalkyi; - 

if n Is 1 

R„ is Ci-Cisalkyl. CT-CaPhenylalkyl or Qrd 2 cycloalkyl <* 

R,o and Rn together form a Cz-C^kylene bridge or a drdaalkylene bridge which is 

interrupted by at least one O or N atom, which bridges are unsubstituted or substituted with 

d-daalkyt; 

R„ is, unsubstituted d-Ci 8 alkvl, phenyl, d-Caphenylalkyi or C3-C 12 cydoalkyl or 
R„ and R 12 together with the linking carbon atom, form a Crdacycloalkyl radical. 

More preferred are Initiators, wherein n is 0 or 1; 

Ri, R2. Rs are each Independently of one another NO* cyano, -(RtJCOOR*. -CONRjRe , - 
C(0)-R7, -ORa, carbamoyl, di(Ci-Caalkyl)carbamoyi, -CfcNRaXNHRa); 
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unsubstltuted CrC 12 aikyl, CT-Caphenylalkyl or Cs-C7cycloalkyl; or 

Ci-Caalkyl f <VC 9 phenylalky! or Cs-C7cycloalkyl or, which are substituted by amino, hydroxy, 

cyano, carboxy, C|-C 4 alkoxy, C 1 -C 4 aikytamino or dl(C r C 4 alkyl)amino; 

or phenyl, 

or R 2 and Ra, together with the linking carbon atom, form a Cs-Crcycloalkyl radical; 

R 4 Is Ci-Csalkyl, phenyl, an alkali metal cation or a tetraalkylammonium cation; 

R 5 and R fl are hydrogen, CrCaaikyl, CrCaaikyf which is substituted by at least one hydroxy 

group or, taken together, form a C 2 -Caalkylene bridge; 

R 7 is hydrogen, CrCaaikyl or phenyl; 

Rb Is C r C B alkyi or Cj-Cealkyl which is substituted by at least one hydroxy group; 
R 9 is C 1 -C 4 alkylen or a direct bond; 

R 10 is C 4 -Ci0alkyl bound via a tertiary Oatom to the nitrogen atom or phenyl; 
if n is 1 

Rn is Ci-Cisalkyl, phenyl or CrCephenylalkyl or 

R 10 and R t i together form a CrC^alkyiene bridge or a CrC 12 alkylene bridge which is 
interrupted by at least one O or N atom, which bridges are unsubstltuted or substituted with 
d-Ci B aIkyi; 

R 12 is unsubstltuted CrC ia alkyi or phenyl. 

Particularly preferred initiators are those, wherein n is 0 or 1; 

Rii R2t Rs are each independently of one another NO2, cyano, -C(0)-R 7| -ORa, unsubstituted 

C^ -C 12 alkyl or phenyl, which is unsubstituted or substituted by C 1 -C 4 alkyl ( C t -C 4 alkoxy, 

cyano, hydroxy, carboxy, C^alkylamino or cfi(C 1 -C 4 alkyl)amino; 

or R 2 and R3, together with the linking carbon atom, form a Cs-Crcycioalkyi radical; 

R 7 Is, d-Cealkyl or phenyf; 

R 8 is Ci-Csalkyl or C^-C^alky! which is substituted by at least one hydroxy group and 
R 10 is C 4 -C 18 aikyl bound via a tertiary C-atom to the nitrogen atom, phenyl or C 9 - 
Cnphenylalkyl; 
if n is 1 

Rn is Ct-Cizalkyi; or 

R 10 and R 1t together form a CrCgalkylene bridge which is unsubstituted or substituted with 
Ci-C 4 alkyl; 

R 12 is hydrogen, unsubstituted C 1 -C 4 alkyl or phenyl. 

Preferably n is 0; R t Is cyano; R2 and R 3 are each independently of one another 
unsubstituted Ct -C 12 alkyl or phenyl; 



WO 99/03894 



-12- 



PCT/EP98/04102 



or R 2 and R 3 , together with the linking carbon atom, form a Cs-Crcycloalkyl radical; 
R10 is C 4 -Ci2alkyl bound via a tertiary C-atom to the nitrogen atom, C-Cnphenylalkyl or 
phenyl. 

Another preferred group is wherein n is 1 R t is cyano; R 2 and R 3 are each independently of 
one another unsubstituted d -Ci 2 alkyl or phenyl; 

or R 2 and R3, together with the linking carbon atom, form a Cg-Cycycloalkyl radical; 
Rio is C^-daalkyl bound via a tertiary C-atom to the nitrogen atom, (VCnphenylalkyl or 
phenyl; or 

Rio and Rn together form a C 2 -Cealkylene bridge which is unsubstituted or substituted with 
C 1 -C 4 aikyl; and 
R12 is C r C 4 alkyl. 

This invention also relates to a free radical polymerization process and polymers obtained 
thereby, which process overcomes many of the problems and disadvantages of the afore 
mentioned prior art processes. 

This process is used for preparing an oligomer, a cooligomer, a polymer or a copolymer - 
block or random- by free radical polymerization of at least one ethytenicaHy unsaturated 
monomer or oligomer, which comprises (co)polymerizing the monomer or monomers/oli- 



(1), under reaction conditions capable of effecting scission of the OC bond to form two free 



Preferably, the scission of the O-C bond is effected by heating, ultrasonic treatment or 
exposure to actinic radiation. 



gomers in the presence of an initiator compound of formula (I) 




radicals, the radical •CRiR 2 R 3 being capable of Initiating polymerization. 



To perform the scission of the O-C bond by heating, the temperature is particularly 
preferably raised to more than 50°C and less than 1 60°C. 
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The process may be carried out in the presence of an organic solvent or in the presence of 
water or in mixtures of organic solvents and water. Additional cosolvents or surfactants, such 
as glycols or ammonium salts of fatty acids, may be present Other suitable cosolvents are 
described hereinafter. 

Preferred processes use as little solvents as possible. In the reaction mixture it is preferred 
to use more than 30% by weight of monomer and Initiator, particularly preferably more than 
50% and most preferably more than 80%, 

If organic solvents are used, suitable solvents or mixtures of solvents are typically pure 
alkanes (hexane, heptane, octane, isooctane), hydrocarbons (benzene, toluene, xylene), 
halogenated hydrocarbons (chlorobenzene), alkanols (methanol, ethanol, ethylene glycol, 
ethylene glycol monomethyl ether), esters (ethyl acetate, propyl, butyl or hexyl acetate) and 
ethers (diethyl ether, dibutyl ether, ethylene glycol dimethyl ether), or mixtures thereof. 

The aqueous polymerization reactions can be supplemented with a water-miscible or 
hydrophilic cosolvent to help ensure that the reaction mixture remains a homogeneous single 
phase throughout the monomer conversion. Any water-soluble or water-miscible cosolvent 
may be used, as long as the aqueous solvent medium is effective in providing a solvent 
system which prevents precipitation or phase separation of the reactants or polymer 
products until after atl polymerization reactions have been completed. Exemplary cosolvents 
useful in the present invention may be selected from the group consisting of aliphatic 
alcohols, glycols, ethers, glycol ethers, pyrrolidines, N-alkyl pyrrolidines, N-alkyl 
pyrrolidones, polyethylene glycols, polypropylene glycols, amides, carboxylic acids and salts 
thereof, esters, organosulfides, sulfoxides, sulfones, alcohol derivatives, hydroxyether 
derivatives such as butyl carbftol or cellosolve, amino alcohols, ketones, and the like, as well 
as derivatives thereof and mixtures thereof. Specific examples include methanol, ethanol, 
propanol, dloxane, ethylene glycol, propylene glycol, diethylene glycol, glycerol, dipropylene 
glycol, tetrahydrofuran, and other water-soluble or water-miscible materials, and mixtures 
thereof. When mixtures of water and water-soluble or water-miscible organic liquids are 
selected as the aqueous reaction media, the water to cosolvent weight ratio is typically in the 
range of about 100:0 to about 10:90. 

The initiator compound Is preferably present in an amount of 0.01 mol-% to 30 mol-%, more 
preferably in an amount of 0.1 mol-% to 10 mol-% and most preferably in an amount of 0.1 
mol-% to 5 mol-%, based on the monomer or monomer mixture used. 



WO 99/03894 



-14- 



PCT/EP98/04102 



When monomer mixtures or monomer/ollgomer mixtures are used, the calculation of mol-% 
is based on an average molecular weight of the mixture. 

Hydrophilic monomers, polymers and copolymers of the present invention can be separated 
from one another or from the polymerization reaction mature by, for example, changing the 
pH of the reaction media and by other well known conventional separation techniques. 

The polymerization temperature may range from about 50°C to about 180°C, preferably from 
about 80°C to about 150°C. At temperatures above about 180°C, the controlled conversion 
of the monomer into polymer decreases, and uncertain and undesirable by-products like 
thermally initiated polymer are formed or destruction of the polymerization regulator may 
occur. Frequently, these by-products discolor the polymer mixture and a purification step 
may be required to remove them, or they may be intractable. 

Therefore the surprisingly high reactivity of the present initiators which are already active at 
relatively low temperatures leads to short reaction times. The resulting polymers are usually 
colourless and they can be used in most cases without any further purification step. This is 
an important advantage when Industrial scale-up is considered. 

After the polymerizing step Is complete, the formed (co)polymer obtained is isolated. The 
Isolating step of the present process is conducted by known procedures, e.g. by distilling off 
the unreacted monomer or by precipitation in a suitable nonsolvent, filtering the precipitated 
polymer followed by washing and drying the polymer. 

Yet another embodiment of this invention is a process for preparing a block copolymer 
involving at least two stages, which comprises forming a polymer with alkoxyamine end 
groups of the general structure of formula II 




(II), wherein n, H u R2. Ra R10 R11 and R t2 are as defined 



O 
I 

polymer 

above, the polymer containing the initiator group -CR^Ra and having the oxyamine group 
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essentially attached as terminal group, and adding a further monomer followed by heating to 
form a block copolymer. 

The homopolymers or copolymers may also be prepared in a so called fn "situ process", 
which means that the compounds of formula (I) are prepared from a radical •CR 1 R 2 R 3 and a 

.compound of formula R 10 NO or R Jgj^ ^10 In the presence of an ethylenlcally 

1 

a 

unsaturated monomer or oligomer. The radical •CR1R2R3 itself may be prepared as 
described below, preferably from a compound which liberates the radical upon heating. 
Under such conditions formation of the compounds of formula (I), their scission and 
polymerization occur simultaneously. By changing the reaction temperature different 
pathways of the reaction are favored. It is important to note, that under such reaction 
conditions still high conversion rates in short reaction times and low polydispersities are 
achieved. 

It is also possible to add the ethylenlcally unsaturated monomer or oligomer subsequently to 

i" 

the mixture of a radical Initiator and a compound of formula R t0 NO or R^j^ ^10 . In 

1 

a 

this case a compound of formula (I) is prepared to a certain amount, which may be up to 100 
% and subsequently the monomer is added without further isolating the compound of 
formula (I). 

Therefore another object of the invention is a process for preparing an oligomer, a 
cooilgomer, a polymer or a copolymer (block or random) by free radical polymerization of at 
least one ethylenlcally unsaturated monomer or oligomer, which comprises 
generating a free radical •CR 1 R 2 R3 (V) from a compound capable of eliminating a neutral 
molecule, or undergoing C-C bond-scission upon thermal or photochemical treatment, or by 
hydrogen abstraction from a compound R1R2R3C-H in reaction with reactive radicals, and 
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reacting the free radical •CR 1 R 2 R 3 (V) with a compound R10NO or Rjg%J^io in a 

CI 

solvent which does not interfere with the radical reaction 

in the presence of at least one ethylenically unsaturated monomer or oligomer. 

Suitable monomers are those mentioned above. The polymer of formula (II) may be isolated 
prior to the next reaction step or it may bemused without isolation, and the second monomer 
is added to the reaction mixture of the first step. 

Block copolymers are, for example, block copolymers of polystyrene and polyacryiate (e.g., 
Poly(styrene-co-acrylate) or Poly(styrene-co-acrylate-co-styrene). They are useful! as 
adhesives or as compatibilizers for polymer blends or as polymer toughening agents. 
Poly(methylmethacrylate-co- acrylate) diblcck copolymers or Poly(methylacrylate-co- 
acrylate-co-methacrylate) triblock copolymers) are useful as dispersing agents for coating 
systems, as coating additives (e.g. rheological agents, compatibilizers, reactive diluents) or 
as resin component in coatings(e.g. high solid paints) Block copolymers of styrene, 
(meth)acrylates and/or acrylonitrile are useful plastics, elastomers and adhesives. 

Furthermore, block copolymers of this Invention, wherein the blocks alternate between polar 
monomers and non-polar monomers, are useful in many applications as amphiphilic 
surfactants or dispersants for preparing highly uniform polymer blends. 

The (co)polymers of the present invention may have a number average molecular wefpt 
from 1 000 to 400 000 g/mol, preferably from 2 000 to 250 000 g/moi and, more preferably, 
from 2 000 to 200 000 g/mol. When produced in bulk, the number average molecular weight 
may be up to 500 000 (with the same minimum weights as mentioned above). The number 
average molecular weight may be determined by size exclusion chromatography (SEC), gel 
permeation chromatography (GPC), matrix assisted laser desorption/ionization mass 
spectrometry (MALDI-MS) or, if the initiator carries a group which can be easily distinguished 
from the monomers), by NMR spectroscopy or other conventional methods. 



The (copolymers of the present invention typically have a low polydispersity . Preferably the 
polycfispersity is from 1 .1 to 2£, more preferably from 1 .1 to 1.9 and most preferably from 
1.2 to 1.8. 
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Thus, the present invention also encompasses in the synthesis novel block, multi-block, star, 
gradient, random, hyperbranched and dendritic copolymers, as well as graft or copolymers. 

The polymers prepared by the present invention are useful for following applications: 

adhesives, detergents, dispersants, emulsifiers, surfactants, defoamers, adhesion pro- 
moters, corrosion inhibitors, viscosity improvers, lubricants, rheology modifiers, thickeners, 
crosslinkers, paper treatment, water treatment, electronic materials, paints, coatings, photo- 
graphy, ink materials, imaging materials, superabsorbants, cosmetics, hair products, preser- 
vatives, biocide materials or modifiers for asphalt, leather, textiles, ceramics and wood. 

Because the present polymertzaton is a living 0 polymerization, it can be started and stopped 
practically at will. Furthermore, the polymer product retains the functional alkoxyamine group 
allowing a continuation of the polymerization in a living matter. Thus, in one embodiment of 
this invention, once the first monomer is consumed in the initial polymerizing step a second 
monomer can then be added to form a second block on the growing polymer chain in a 
second polymerization step. Therefore it is possible to carry out additional polymerizations 
with the same or different monomer(s) to prepare multi-block copolymers. 
Furthermore, since this is a radical polymerization, blocks can be prepared in essentially any 
order. One is not necessarily restricted to preparing block copolymers where the sequential 
polymerizing steps must flow from the least stabilized polymer Intermediate to the most 
stabilized polymer intermediate, such as is the case In ionic polymerization. Thus it is 
possible to prepare a mujti^lq^ a polyacrylonitrile or a poly(meth)- 

acryiate block is prepared first, then a styrene or butadiene block is attached thereto, and so 
on. 

Furthermore, there is no linking group required for joining the different blocks of the present 
block copolymer. One can simply add successive monomers to form successive blocks. 

A plurality of specifically designed polymers and copolymers are accessible by the present 
invention, such as star and graft (co)poiymers as described, inter alia, by C. J. Hawker in 
Angew. Chemie, 1995, 107, pages 1623-1627, dendrimers as described by K. Matyaszewski 
et al. in Macrmolecules 1 996, Vol 29, No. 1 2, pages 41 67-4171 , graft (copolymers as 
described by C. J. Hawker et al. in MacromoL Chem. Phys. 198, 155-166(1997), random 
copolymers as described by C. J. Hawker In Macromolecules 1996, 29, 2686-2688, or 
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diblock and triblock copolymers as described by N. A. Ustlgovers in Macromolecules 1996, 
29,8992-8993. 

Yet another object of the present invention is a polymer or oligomer, having at least one 
initiator group -CR 1 R 2 R 3 and at least one oxyamine group of formula (lla) 

Pi i 1 



d (lla), wherein n, R 1f R Z| Ra, Rio Rn and R« have the meanings 

■ 10 



and preferred meanings as defined above, obtainable by the process as defined above. 




In another of its aspects, this invention relates to a compound of formula (I) 
Pi i 1 




wherein n is 0 or 1 

Ri, R2. R» are each independently of one another hydrogen, halogen, N0 2 , cyano,- 
-CONRsRs, -(R 9 )COOR4, -C(0)-R 7 , -OR,, -SR* -NHR„, -N(Ra) 2 , carbamoyl, di(C r 
C, B alkyl)carbamoyl, -C(=NR 5 )(NHR»); 

unsubstituted C,-C 1B alkyl, Cz-Cmaikenyl, C r C 18 alkynyl, CrCgphenylalkyl, CrCizcycloalkyl or 
CrCt2cycloaJkyi containing at least one nitrogen or oxygen atom; or 
d-Cisalkyl, Ca-Ciaalkenyl, CrCia alkynyl, CrCaphenytalKyl. CrCiacycloalkyI or Qr 
Ci 2 cyctoalkyl containing at least one nitrogen or oxygen atom, which are substituted by N0 2 , 
halogen, amino, hydroxy, cyano, carboxy, C,-C4alkoxy, Ci-C,alkylthio, CrC 4 alkylamino or 
di(C 1 -C 4 alkyi)amino; or 

phenyl, naphthyl, which are unsubstituted or substituted by Ci-C 4 alkyl, C-C^alkoxy, C r 
C4alkylthio, halogen, cyano, hydroxy, carboxy. d-C4alkylamino or di(CrC 4 alkyl)amino; 
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or R 2 and R 3 , together with the linking carbon atom, form a CrC^cycloalkyl radical, a (C 4 - 
Ci 2 cycIoalkanon)-yl radical or a d-dzcydoalkyl radical containing at least one O atom 

? 1 

and/or a NR B group; or if n is 1 R2— | are a group 

R3 

R4 Is hydrogen, d-dealkyl, phenyl, an alkali metal cation or a tetraalkylammonium cation; 
R 5 and R 6 are hydrogen, d-dsalkyl, d-dsalkyl which Is substituted by at least one hydroxy 
group or, taken together, form a CrC^alkylene bridge or a drda-alkylene bridge 
interrupted by at least one O or/and NR 8 atom; 
R 7 is hydrogen, d-deafkyl or phenyl; 

Re is hydrogen, d-dealkyl or CrCi 8 alkyl which is substituted by at least one hydroxy group; 
R 9 is Ci-Ci 2 alkylen or a direct bond; 

R 10 is C 4 -Ci B a)kyi bound via a tertiary C-atom to the nitrogen atom, d-diphenylalkyl, C r 
Cizcyctoalkyl or CrCi2cycloalky! containing at least one nitrogen or oxygen atom; or 
d-dsaikyl bound via a tertiary C-atom to the nitrogen atom, Cg-diphenylalkyl, Cr 
C 12 cyctoalkyl or C3-C t2 cycloalkyl containing at least one nitrogen or oxygen atom, which are 
substituted by N0 2 , halogen, amino, hydroxy, cyano, carboxy, C 1 -C 4 alkoxy, d-dalkylthlo, 
d-C^lkylamino or di(C 1 -C 4 alkyl)amino; or 

phenyl, naphthyl, which are unsubstltuted or substituted by d-dalkyl, d-dalkoxy, C r 
dalkytthio, halogen, cyano, hydroxy, carboxy, CrC 4 alkylamino or di{Ci-C 4 alkyl)amino; or 
a polycyclic cycloallphatic ring system or a polycyclic cycloaliphatic ring system with at least 
one di- or trivalent nitrogen atom; 
if nis 1 

R t1 is Ct-CiaalkyT, OT-C^phenylalkyl; CrCiacycldfidkyi or d-dzcycloalkyl containing at least 
one nitrogen or oxygen atom; or 

d-Cisalkyl, Crdphenylalkyl, d-dzcyctoalkyl or CrC t2 cycloalkyl containing at least one 
nitrogen or oxygen atom, which are substituted by N0 2 , halogen, amino, hydroxy, cyano, 
carboxy, d-dalkoxy, d-daikytthio, d-dalkylamino or di(d-daIkyl)amino; or 
phenyl, naphthyl, which are unsubstituted or substituted by d-dalkyl, d-C 4 alkoxy, d- 
dalkylthio, halogen, cyano, hydroxy, carboxy, d-dalkylamlno or di(d-C 4 alkyl)amino; or 
a polycyclic cycloaliphatic ring system or a polycyclic cycloaliphatic ring system with at least 
one di- or trivalent nitrogen atom; or 

R 10 and R u together form a Ca-daalkylene bridge, a Qrdaalkylen-on bridge or a C r 
djalkylene bridge which is interrupted by at least one O or N atom, which bridges are 
unsubstituted or substituted with d-d B aHcy1, hydroxy(d-C 4 )alkyl, phenyl, CrCaphenylalkyl, 
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NOa, halogen, amino, hydroxy, cyano, carboxy, d-C4aikoxy. Ci-dalkylthio, d-C 4 alkyiamino 
or dl{d-dalkyl)amino, or 

R« is hydrogen, -(R»)COOR 4p cyano, -OR* -SR a , -NHRa, -N(R8) 2 . -NH-C(0)-R 8 , 
unsubstituted Ci-C 18 alkyl. CVdsalkenyl, Crdealkynyl, (Vdphenylalkyl, Crdzcyctoalkyl or 
CrCncycioalkyl containing at least one nitrogen or oxygen atom; or 
Ci-C 18 alkyl, CrCi 8 alkenyl, CrC, 8 alkynyl, CrC 9 phenylaJkyl, Crdacycioalkyl or Crdacydo- 
alkyl containing at toast one nitrogen or oxygen atom, which are substituted by N0 2 , 
halogen, amino, hydroxy, cyano, carboxy, C,-C 4 alkoxy, Ci-C 4 alkylthk>, Ci-C 4 alkylamino or 
di(Ci-C 4 alkyl)amino; or 

phenyl, naphthyl, which are unsubstituted or substituted by d-dalkyl, d-C^lkoxy, C,- 
dalkylthlo, halogen, cyano, hydroxy, carboxy, d-dalkylamino, di(C,-C 4 aIkyl)amino; or 
R„ and Ri 2 together with the linking carbon atom, form a CrCucycloalkyl radical; 
with the proviso that 

if n is 0 Rio Is different from the group -CR,R 2 R 3 , and if R, is CN and R z and R 3 are methyl, 

R 10 is not phenyl, phenyl substituted by methyl, 2,4,6-trlmethyl, chlor, fluor, (3«methyl,4-fluor), 

{3-fluor, 4-methyl), (4-fluor, 2-methyl). (4-fluor, 2-methoxy), (2-fluor, 3,5-methyl), 2,5-di- 

teitbutyl, nltro, 3,5-dinitro or 2 (-0-C(CH 3 )2CN) 4-nitro; and 

if n is 1 , R« is hydrogen, R ro phenyl or benzyl and Rn phenyl, 

R,, R 2 and Ra are not a group -C(CH 3 )aCN, -CfCHsfeCOOCHa, benzyl, methylbenzyl, 

dimethylbenzyl, ^Np^~^ or f^^Y^"Yl 30(1 
— CH 




the compound according to formula I is not o 



CH, J— I ,CH, 
>k y — c — CN 



CHj-jj— CH3 
CN 



Preferred compounds are those wherein n is 0 or 1 ; 

R1, R2. R3 are each Independently of one another N0 2 , cyano, -C(0)-R7, -OR* unsubstituted 

C 1 -C 12 alkyl or phenyl, which is unsubstituted or substituted by d-dalkyl, Ci-C 4 aikoxy, 

cyano, hydroxy, carboxy, Ci-C 4 alkylamino or dl<d-C 4 alkyl)amino; 

or Ra and R3, together with the linking carbon atom, form a Crdcycloalkyl radical; 

R 7 Is, d-Csalkyl or phenyl; 
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R 8 is d-Cealkyl or CrC^aUcy! which is substituted by at least one hydroxy group and 
R 10 Is C 4 -C 1B a!kyl bound via a tertiary C-atom to the nitrogen atom, phenyl or C 9 - 
Cnphenylalkyl; 
if n is 1 

Rn is CrC 1fl alkyl, CrCophenylalkyt or CyCiacycloaikyl or 

Rio and Rn together form a C r Cealkyiene bridge which Is unsubstituted or substituted with 
Ci-C 4 alkyl; 

' R 12 is , unsubstituted Ci-C 4 alkyl or phenyl. 



Particularly preferred are compounds wherein n is 0; 
Rtiscyano; 

Ra and R 3 are each independently of one another unsubstituted C t -Cijalkyl or phenyl; 
or R 2 and R 3 , together with the linking carbon atom, form a C s -C7cycloalkyl radical; 
Rio is C 4 -C 12 alkyl bound via a tertiary C-atom to the nitrogen atom or Co-Cuphenylalkyl. 

Another particularly preferred group of compounds are those wherein n is 1 ; 
Ri is cyano; 

R2 and R3 are each independently of one another unsubstituted C } -C 12 alkyl or phenyl; 
or R 2 and R3, together with the linking carbon atom, form a Cs-Crcydoalkyl radical; 
R 10 is C 4 -Ci2alkyl bound via a tertiary C-atom to the nitrogen atom, Co-Cnphenylalkyl or 
phenyl; or 

R 10 and Rn together form a CrCealkyiene bridge which is unsubstituted or substituted with 
Chalky!; and 
R 12 is Ci-C 4 alkyl. 

Further meanings and preferences for the different substltutents Ri to Ri 2 are mentioned 
before. 

The invention is also directed to a compound of formula (IV) 
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n i 



o» 

wherein n is 0 or 1 

Ri, Ra. R 3 are each independently of one another hydrogen, halogen, NO* cyano, 
-CONR 5 R» , -(R 9 )COOR4, -C(0)-R 7 , -ORa, -SRa, -NHRb, -N(Ra)a. carbamoyl, dl(C r 
Ciealkyljcarbamoyl, -C(=NRa)(NHR6); * 

unsubetituted C-Cisalkyl. CrCi B alkenyl, CrC^kynyl, CrCaphenylalkyl, Ca-Ciacycloalkyl or 
Cg-C 1z cycloalkyl containing at least one nitrogen or oxygen atom; or 
Ci-C 1B aJkyl, Ca-Ciaalkenyl, CrC 1B alkynyl, CrCaphenylalkyl, CrCi 2 cyctoalkyl or Ca- 
Ci2cycloalkyl containing at least one nitrogen or oxygen atom, which are substituted by NQa, 
halogen, amino, hydroxy, cyano, carboxy, d-C 4 alkoxy, Ci-C 4 alkylthio, C r C 4 alkylamino or 
di{Ci-C 4 alkyl)amino; or 

phenyl, naphthyl, which are unsubstituted or substituted by C,-C 4 alkyt, d-C+aikoxy, C r 
C 4 alkylthio, halogen, cyano, hydroxy, carboxy, CrC 4 alkylamino or di(Ci-C 4 alkyi)amlno; 
or R 2 and Ra, together with the linking carbon atom, form a C r C 12 cycloalkyl radical, a {C 4 - 
C 12 cycloalkanon)-yl radical or a (VC 12 cycloalkyl radical containing at least one O atom 
and/or a NRe group; or If n fe 1 




R* is hydrogen, Ci-Cisalkyl, phenyCan alkali metal cation or a tetradkytemmonium cation; 
R 8 and Re are hydrogen, d-daalkyl, Ca-Ci8alkyl which Is substituted by at least one hydroxy 
group or, taken together, form a CyCiaalkylene bridge or a Ca-C 12 -alkylene bridge 
interrupted by at least one O or/and NR$ atom; 
Rr is hydrogen, C,-Ci 8 alkyl or phenyl; 

Ra is hydrogen, C-Cealkyl or Ca-Ciaalkyl which is substituted by at least one hydroxy group; 
R» is Ci-C 12 alkylen or a direct bond; 

R 10 is CcCiaalkyI bound via a tertiary C-atom to the nitrogen atom, Ca-diPhenylalkyl, d- 
C 12 cycloalkyl or CrCiacycloalkyl containing at least one nitrogen or oxygen atom; or 
C 4 -Ciaalkyl bound via a tertiary C-atom to the nitrogen atom, CrCuphenylalkyl, dr 
Cijcycloalkyl or Cg-dacycloalkvl containing at least one nitrogen or oxygen atom, which are 
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substituted by N0 2l halogen, amino, hydroxy, cyano, carboxy r Ci-C 4 a!koxy, d-dalkylthio, 
d-dalkylamino or difd-dalkyOamino; or 

phenyl, naphthyl, which are unsubstituted or substituted by d-dalkyl, d-dalkoxy, C t - 
C 4 aIkylthio, halogen, cyano, hydroxy, carboxy, d-dalkylamlno or difd^alkyljamino; or 
a polycyciic cycloailphatic ring system or a polycycllc cycloaliphatic ring system with at least 
one di- or trivalent nitrogen atom; 
\ if nis 1 

R t1 is d-Ciealkyl, Cr-Cgphenylalkyl, d-dzcycloalkyl or d-dacycloalkyl containing at (east 
one nitrogen or oxygen atom; or 

Ci-Ciaaikyi, CrCgphenylalkyl, C3-C 12 cydoalkyl or Crd 2 cycloalkyl containing at least one 
nitrogen or oxygen atom, which are substituted by N0 2l halogen, amino, hydroxy, cyano, 
carboxy, Ci-C 4 slkoxy, d-dalkylthio, C r C 4 alkylamino or di(C r C 4 alkyl)amino; or 
phenyl, naphthyl,, which are unsubstituted or substituted by d-dalkyl, d-dalkoxy, d- 
dalkylthio, halogen, cyano, hydroxy, carboxy, d-dalkylamino or di(d-dalkyl)amino; or 
a polycyciic cycloaliphatic ring system or a polycyciic cycloaliphatic ring system with at least 
one di- or trivalent nitrogen atom; or 

R 10 and R11 together form a Crdaalkylene bridge, a Cs-C^alkylen-on bridge or a d- 
C 12 alkylene bridge which is interrupted by at least one O or N atom, which bridges are 
unsubstituted or substituted with d-daalkyl, hydroxy(d-d)alkyl, phenyl, d-dphenylalkyl, 
N0 2l halogen, amino, hydroxy, cyano, carboxy, d-dalkoxy, d-dalkylthio, Ci-C 4 alkylamino 
or di(d-daikyi)amlno; 

R 12 Is hydrogen, -(RJCOOR* cyano, -OR 8 , -SRa, -NHFfe, -N(Ra) 2 , -NH-C(0)-R8, 
unsubstituted d-daalkyl, d-dsalkenyl, d-dealkynyl, d-dphenylalkyl, CVd2cydoalkyl or 
C 3 -Ci2cycloalkyl containing at least one nitrogen or oxygen atom; or 
d-dealkyi, d^ia^kei^rC^Cie alkynyl; C^phenylaltyl, d-d^eycloalkyl or d-dkcyclo- 
alkyl containing at least one nitrogen or oxygen atom, which are substituted by Nd, 
halogen, amino, hydroxy, cyano, carboxy, d-dalkoxy, Ci-dalkylthio, d-dalkylamino or 
di(Ci-datkyl)amino; or 

phenyl, naphthyl, which are unsubstituted or substituted by d-dalkyl, d-dalkoxy, d- 
dalkylthio, halogen, cyano, hydroxy, carboxy, Ci-C 4 alkylamlno, 
di(Ci-C 4 alkyl)amino; or 

Rn and R 12 together with the finking carbon atom, form a Crd 2 cycloalkyl radical; 
with the proviso that 

if n is 0 R 10 is different from the group -CRiR 2 R3, and if R t is CN and R 2 and R3 are methyl, 
R l0 is not phenyl, phenyl substituted by methyl, 2,4,6-trimethyl, chlor, fluor, (3-methyl,4-fluor), 
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(3-fluor, 4-methyl), (4-flubr, 2-methyl), (4-fluor, 2-methoxy), (2-fluor, 3,5-methyl), 2,5-dl- 

tertbutyl, nttro, 3,5-dinitro or 2 (-O-qCH^CN) 4-nitro; and 

if n Is 1 , R12 is hydrogen, Ri 0 phenyl or benzyl and R n phenyl, 

R,, R 2 and R, are not a group -C(CH 3 ) a CN, -CfCH&COOC^. benzyl, methylbenzyl, 



dimethylbenzyl, 



— CH 



or 




and 



the compound according to formula IV Is not h C N * 

3 o. CH » 

Meanings and preferences for the different substitutents Ri to R« are already mentioned. 
A further object of the present invention is a process for preparing a compound of formula (i) 




by generating a free radical •CR1R2R3 (V) from a compound capable of eliminating a neutral 
molecule, or undergoing C-C bond-scission upon thermal or photochemical treatment, or by 
hydrogen abstraction from a compound RiRaRaC-H in reaction with reactive radicals, and 
reacting the free radical •CRiR a R 3 (V) with a compound of formula R 10 NO or 

o^+'Rio in a solvent which does not Interfere with the radical reaction. 

n 12 N 

a 
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Examples for neutral molecules which can be eliminated are N2 or 0 2 . Reactive radicals 
which are able to abstract hydrogen are for example alkoxy radicals. 

Suitable solvents are aromatic, aliphatic or cydoaliphatic hydrocarbons, such as toluene, 
benzene xylene, octane or cyclohexane, ethers, such as dioxane, tetrahydrofurane or 
dibutylether, alcohols, glycols or esters and amides of carboxylic acids. 

The free radical •CR 1 R 2 R3 is preferably prepared by heating or irradiation of a compound of 
formula Ilia, llib or II Ic 

R, P2 R i P* *» 

F^-^-N^N-^-^ (|||a) F^-^-Rg (llib) Rg-^-H (lllc). 

R 2 R t ^ *i *2 

Preferably the radical •CR 1 R 2 R 3 Is prepared by a thermal reaction at a temperature from 40° 
to 150° C, more preferrably from 60° to 150° C and most preferably from 70° to 140° C. 
Ri, R 2 and R 3 have the meanings and preferred meanings defined above. 

Nitron es of formula (VI) can be prepared according to known methods. 

Examples of 5-membered nitrones are for example described by J.B. Bapat and D.St C. 
Black in Aust J. Chem. ZL 2483 (1968). Typical examples are mentioned below. 

AUcyl Alkyi Atkyl 

ADcyl^N Alkyl'V Alky/ H Alky/ N Alky/ N 

6" O" CT O" 0" 

Aryl Aryt 

\ /V ADcyT N Alkyf Ijl Aflcyf M 

O" 0" O" O" 
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Further nitrones are described by H. Gnlchtel, K.E. Schuster In Chem. Ber. m, 1 171 
(1978). 




* A. G. Krainev, T.D. Williams, D. J. Blgelow describe in J. Magnet. Res., B HI, 272 {1 996) 
the preparation of following nitrones. 

6-0- 

Examples of 6-membered nitrones are for example described by Shun-lshi Murahashi et ai. 
In J. Org. Chem. 55, 1736 (1990). 

CX XX OCX 

These nitrones may be reacted with the appropriate reactive radical •CR 1 R 2 R 3 to obtain 
compound* of formula (I). 

Some reaction products between nitrones and reactive radicals have been reported and are 
listed below. 




M. Iwamura, N. Inamoto: Bull. Chem. Soc. Japan 43, 856 (1970): 
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or DA Becker J.Am. Chem. Soc. H8, 905 (1996). 




M. Iwamura, N. Inamoto: Bull. Chem. Soc. Japan 43, 860 (1970) have reported the 
preparation of the following compound. 




None of these compounds have been used to polymerize ethylenically unsaturated 
monomers or oligomers. 



WO 99/03894 



-28- 



PCI7EP98/04102 



The production of C-centered radicals is described, inter alia, in Houben Weyl, Methoden der 
Organischen Chemie, Vol. E 19a, pages 60-147. These methods can be applied in general 
analogy. 

The reaction of reacting radicals with nitroso compounds Is known per se and described by 
B. A. Gingras et al. In J. Chem. Soc. page 1 920, 1954. 

Most preferably, the free radical source is 2,2'-azobisisobutyronitriie, 2,2'-azobis(2-methy!- 
butyronitriie), 2 t 2'-azobis(2,4Kfimethyivaleronitrile), 2^*-azobis(4-methoxy-2 l 4-dimethyh/ale- 
ronttrile), 1 y 1 > -azobis(1-cyciohexanecarbonitriie), 2 l 2 > -azobis(isobutyramide) dihydrate, 2- 
phenylazo-2,4-dimethyM-methoxyvaieronitrile l dimethyl-2,2 , -azobisisobutyrate ( 2- 
(carbamoylazo)isobutyronitrOe y 2 t 2 , -azobis{2,4,4-trimethylpentane), 2,2'-azobis(2- 
methylpropane), 2 t 2 > -azobls(N,N v -dimethyleneisobutyramidine) t free base or hydrochloride, 
2,2'-azobis(2-amidinopropane) l free base or hydrochloride, 2,2 > -azobis{2-methyl-N-[1,1- 
bis(hydroxymethyl)ethyi]propionamide} or 2,2 , -azobis{2-methyl-N-[1 ,1 -bls(hydroxymethyl)-2- 
hydroxyethyf|propionamide. 

These compounds are commercially available. 

If more than one radical source is used, a mixture of substitution patterns Is obtainable* 
This invention also relates to the use of an Initiator compound of formula (I) for polymerizing 
ethylenically unsaturated monomers. 

The alkoxyamines of formula (1) may be prepared and isolated as described above. 
However, it Is also possible to produce the compounds of formula (t) in situ during polymeri- 
zation by adding a compound of formula IV, which has been isolated as intermediate in the 
process described before, to the polymerizable monomers and by adcPng, also in situ, the 
corresponding radical initiator. 

Consequently a further aspect of the invention is a polymerizable composition, comprising 

a) at least one ethylenically unsaturated monomer or oligomer; 

b) a compound of formula (IV) and 

c) a radical initiator as described above capable of generating a free radical of formula (V) 
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wherein n, Ri, R 2 , Rs, Rio. Rn and R12 are as defined above Including their preferences. 

Still another aspect of the invention is a process for preparing an oligomer, a cooligomer, a 
polymer or a copolymer (block or random) by free radical polymerization of at least one 
ethylenically unsaturated monomer/oligomer, which comprises subjecting a composition as 
described above to heat or actinic radiation. 

A further aspect of the present invention is the use of a compound of formula I for 
polymerizing ethylenically unsaturated monomers. 

Suitable initiators are those listed above including their preferences. 

The following Examples illustrate the Invention in more detail. 

A) Examples f or the preparation of N.N.O-trlsubstituted hvdroxvlarnlnes (table 1) 

Example A1. Pr eparation oft N-tt.1.3.34etrameth^^ 
hvdroxvlamin compound (101 V 

8,6 g (0,06 mol) l-nitroso-I.I.S.S-tetrameaiyl^utan (prepared according to Org. Synth. 65, 
166 (1986)) and 24,9 g (0,15 mol) azobis-isobutyronitril are dissolved in 100 ml benzene. 
After careful purge with argon the solution Is refluxed for 2 hours under argon atmosphere. 
Benzene is distilled off on the rotary evaporator and the residue is diluted with 1 00 ml 
hexane. The precipitated 2,3<limethyi-succinicacld dinitrile was removed by filtration. The 
filtrate is evaporated and subjected to column chromatography on silica gel (hexane - 
ethytacetate 9:1). 14,8 g (88%) of the compound of formula (101) are obtained as viscous 
oil. 



Example A2. Pre paration of rH1 .1 .3.3-tetramethv^^ 
hvdroxviamin (102). 



WO 99/03894 



PCI7EP98/041Q2 



-30- 

1.4 g (0,01 Mol) 1-nitroso-1,1 r 3 f 3-tetramethyl-butan and 4 f 9 g (0.02 Mol) azobis-(1- 
cyanocyclohexane) are dissolved in 25 ml chlorbenzene. After careful purge with argon the 
solution is heated to 100° C for 3 hours under argon atmosphere. Chlorbenzene is distilled 
off on the rotary evaporator. The residue subjected to column chromatography on silica gel 
(hexane / ethylacetate 9:1) and recrystallyzed from hexane. 1 .46 g (39%) of the compound 
of formula (1 02) are obtained. 



Table 1 



Nr. 


compound 




C(%). H(%). N(%) 
calc./ found 


101 


CN 


viscous nil 


68,78; 10,46; 15,04/ 
68,79; 10,34; 15.04 


102 




108-112 


73.49; 10,37; 11,69/ 
73.39; 10,43; 11,66 


104 








V-65 








V-70 









Example A3. P reparation of 1-f1-wano-1-methvl.ethoxvV2-f1-cvano-1-methvl-ethvh-2.5.5- 
tetra-melhvl-Dvrrolidinf105l. 

16 g ( 0.125 Mol) 2,5,5-trimethyl-pyrrolln-l-oxld [prepared according to M.J. Turner et al.: 
Synth. Commun. Ifi (11), 1377 (1986)] and 37 g( 0.225 Mol) azobla-teobutyronitril are 
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dissolved in 150 ml benzene. After careful purge with argon the solution is refluxed for 6 
hours under argon atmosphere. Benzene is distilled off on the rotary evaporator and the 
residue is diluted with 100 ml hexane. The precipitated 2,3-dimethyl-succinicacid dinitrile was 
removed by filtration. The filtrate is evaporated and subjected to column chromatography oh 
silica gel (hexane / ethylacetate 9:1). 9,6 g (29%) of the compound of formula (101) are 
obtained, m.p. 65-69" C 

Example A4: Preparation of 141-cvano^lohexvloxvV2-f1-c vano-cvclohexvn-2.4.4-tetra- 
methv|-pYrrolidin(1Q6) T 

7.65 g ( 0.06 Mol) 2,4,4-trimethyl-pyrrolin-l-oxid [prepared according to MJ. Turner et al.: 
Synth. Commun. 16 (1 1 ). 1377 (1 986)] and 22 g ( 0.09 Mol) azobls-(1 -cyanocyclohexan) are 
dissolved in 75 ml chlorbenzene. After careful purge with argon the solution is heated to 
100' C for 8,5 hours under argon atmosphere. Chlorbenzene is distilled off on the rotary 
evaporator. The residue subjected to column chromatography on silica gel (hexane / 
ethylacetate 9:1) and recrystallyzed from dichlormethane/hexane. 10,1 g (49%) of the 
compound of formula (102) are obtained, m.p. 124°-127° C. 



Table? 



Nr. 


Compound 


m.p. (°C) 


C(%),H(%),N(%) 
Ber. / Gef . 


105 




65-69 


68.40 9.57 15.95 
68.34 9.47 15.91 


106 


° CN 

6 


124-127 


73.43 9.68 12.23 
73.27 9.26 12.23 
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107 










0^ 







Compounds V-65 and V-70 (WACO) are commercially available. 



, Bl Polymerizations using compounds of Table I and Table 2 as initiators 
General remarks: 

Solvents and monomers are distilled over a Vigreux column under argon atmosphere or 
under vacuum, shortly before being used. 

To remove oxygen all polymerization reaction mixtures are flushed before polymerization 
with argon and evacuated under vaccum applying a freeze-thaw cycle. The reaction mixtures 
are then polymerized under argon atmosphere. 

At the start of the polymerization reaction, all starting materials are homogeneously 
dissolved. 

Conversion is determined by removing unreacted monomers from the polymer at 80° C and 
0.002 torr for 30 minutes , weighing the remaining polymer and subtract the weight of the 
initiator. 

Characterization of the polymers Is carried out by MALDI-MS (Matrix Assisted Laser 
Desorption ionization Mass Spectrometry) and/or GPC (Gel Permeation Chromatography). 

MALDI-MS: Measurements are performed on a linear TOF (T me Of Right) MALDI-MS LDI- 
1700 Linear Scientific Inc. f Reno, USA. The matrix is 2,5-dihydroxybenzoic acid and the 
laser wavelength is 337 nm. 

GPC: Is performed using RHEOS 4000 of FLUX INSTRUMENTS. Tetrahydrofurane (THF) Is 
used as a solvent and is pumped at 1 ml/min. Two chromatography columns are put in 
series: type Plgel 5^m mixe*C of POLYMER INSTRUMENTS, Shropshire. UK. 
Measurements are performed at 40 °C. The columns are calibrated with low polydispersity 
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polystyrenes having Mn from 200 to 2 000 000 Dalton. Detection is carried out using a Ri- 
Detector ERC-7515A of ERCATECH AG at 30 °C. 

Example B1. Poivmerization of n-butvlacivlate usino compound 101 
In a 50 ml three neck flask, equipped with thermometer, cooler and magnetic stirrer, 654 mg 
( 2.34 mmol) of compound 101 and 20 g ( 156 mmol) of n-butytacrylate are mixed and 
degased. The clear solution obtained is heated under argon to 120 °C. Polymerization starts 
spontaneously and the temperature rises to 143° C. After 15 minutes, the exothermal 
reaction slowly stops and the viscosity of the solution increases. The reaction mixture is 
stirred for an additional 1 0 minutes at 145*°C and is then cooled to 80 °C. The remaining 
monomer is removed by evaporation under high vacuum. 19.1 g (95%) of the initial 
monomer have reacted. A clear colourless viscous fluid is obtained. 

MALDI-MS : Mn = 3400, Mw = 6100, PD = 1.8 

Example B2. Poivmerization of n-butvlacrvlate usino compound 102 In xylene 
In a 100 ml three neck flask, equipped with thermometer, cooler and magnetic stirrer, 841 
mg (2.34 mmol) of compound 102, 20 g (158 mmol) of n-butylaciylate and 10 g xylene are 
mixed and degased. The clear solution obtained is heated under argon to 130 °C. 
Polymerization starts spontaneously and the temperature rises to 141° C. After 10 minutes, 
the exothermal reaction slowly stops. The reaction mixture is then cooled to room 
temperature. The remaining monomer and solvent is removed by evaporation at 80° C under 
high vacuum. 18.1 g (87%) of the initial monomer have reacted. A clear colourless viscous 
fluid is obtained. 

G££ •: Mn =7400, Mw = 14800,- PB = 2 - 

Example B3. Poivmerization of n-butvlacrvlate using compound 101 in octane. 
In a 50 ml three neck flask, equipped with thermometer, cooler and magnetic stirrer, 279 mg 
( 1 .75 mmol) of compound 101 and 15 g ( 1 17 mmol) of n-butylacrylate in 7,5g octane are 
mixed and degased. The dear solution obtained is heated under argon to 130 °C. 
Polymerization starts spontaneously. After 15 minutes, the exothermal reaction slowly stops 
and the viscosity of the solution increases. The reaction mixture is stirred for an additional 
2.5h at 130 0 C and Is then cooled to 80 °C. The remaining monomer is removed by 
evaporation under high vacuum. 14.0 g (93%) of the initial monomer have reacted. A clear 
colorless viscous fluid is obtained. 



GPC analysis: Mn 8500, Mw: 15300, Polydispersity (PD): 1.8 
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Example B4. Polymerization of n-butvlactvlata using compound 102 in toluene. 
631 mg (1.8 mmol) of compound 102, 15 g (1 17 mmol) n-butylacrylat and 7.5 g toluene are 
reacted at 1 10 °C for 2.5 h. After evaporation of volatile components 14.8 g (95%) polymer 
are obtained. 

GPC : Mn =7100, Mw= 13200, PD*1.8 

Example B5. Polymerization of n-butvlacivl ate using compound 102 In heptana 
1 .4 g (3.9 mmol) of compound 1 02, 5 g (39 mmol) n-butyiacrylate and 2.5 g heptane are 
reacted at 1 00 ° C for 22 h. After evaporation of volatile components 5.9 g (91 %) of viscous 
liquid are obtained. 

GPC : Mn = 1300, Mw = 2100, PD = 1.6 

Example B6. Polymerization of methvlmethacrvlate (MMA\ using compound 102 in toluene. 
808 mg (2.25 mmol) of compound 102, 15 g (150 mmol) MM A and 7.5 g toluene are reacted 
at 1 10 °C for 2.5 h. After evaporation of volatile components 9.2 g (61%) of a solid white 
foam are obtained. 

QPC: Mn = 3000, Mw = 5800, PD = 1.9 

Example B7. Polymerization of methacrvHc acid -2-diaminc-eth viester (MADMAEE) using 
compound in heptane. 

686 mg (1.91 mmol) of compound .102, 20 g (127 mmol). MADMAEE.and.10 g heptane.ar© 
reacted at 100 °C for 5 h. After evaporation of volatile components 13.1 g (66%) of a partially 
solid material are obtained. 

GPC : Mn = 4300, Mw = 7400, PD=1.7 

Example B8. Polymerization of methactvic add-olvcicMester /MAGF> using compound 102 
in dioxape, 

1.52 g (4.22 mmol) of compound 102, 20 g (141 mmol) MAGE and 10 g dioxane are reacted 
at 1 00 °C for 1 h. After evaporation of volatile components 1 3.9 g (62%) of a viscous 
material are obtained. 
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GPC : Mn = 3800, Mw = 6100, PD-1.6 



Example B9. Polymerization of acrvlic acid-4-hvdrQxvbuMe ster using compound 102 In 
dioxane. 

1.66 g (4.6 mmol) of compound 102, 22.2 g (154 mmol) of acrylic acid-4-hydroxybutylester 
and 1 1 .1 g dioxane are reacted at 105 * C for 2.5 h. After evaporation of volatile 
" components 20.1 g (83%) of a viscous material are obtained. 

GPC : Mn = 4000, Mw = 7100, PD = 1.8 

Example B10. Polymerization of acrvflc actd-tt-sulfopropv lestert Kallum-salt usinn 
compound 102. 

0.232 g (0.65mmol) of compound 102, 10 g (43 mmol) acrylic ac!d-(3-suifopropylester) 
Kalium-sait, 90 g ethylengtykol and 10 g water are mixed, degassed and heated to 90 0 C. 
The mixture is reacted for 20 h. The clear polymer solution is poured into aceton. The white 
solid polymer is filtered off and dried under high vacuum. 5.8 g (56%) are obtained. 1 H-NMR 
in D2O shows no acrylate double bond between 6-6.5 ppm, thus indicating that all monomer 
has reacted. 

Example B11. Random copolymer from n-butvlacrvtata and methacrvlic acid -2-dlamino 
ethvlester (MADMAEET1 using compound 102. 

1.37 g (3.81 mmol) of compound 102, 16.3 g (127 mmol) of n-butytecrylate. 20 g (127mmol) 
of MADMAEE and 1 8 g octane are reacted at 130 0 C for 2.5 hrAfter evaporation of volatile 
components 30.7 g (85%) copolymer are obtained. 

GPC : Mn = 5300, Mw = 9200, PD = 1.7 

Example B12. Random copolymer from n-butylacrvtate and methvlmethacrvlate using 
compound 102. 

2.17 g (6.03 mmol) of compound 102, 7 g (70.3 mmol) methytmethacrylate and 10 g (70.3 
mmol) of n-butytacrylate in 8.5 g dioxane are degassed and reacted at 1 05 0 C for 5 h under 
argon. After evaporation of volatile components 1 5 g (75%) copolymer are obtained. 



GPC: Mn = 2200, Mw = 3800, PD =1.7 
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Example B13. Blockcopolvmer from n-butvlacrvtate and acrvllc acld-2-ethoxvethvtester 
3 g (8.34 mmol) of compound 102, 17.8 g (139 mmol) n-butylacrylate and 9 g toluene are 
reacted at 1 1 5 °C for 2,5 h. After evaporation of volatile components 1 3.9 g (61 %) polymer 
are obtained. 20 g (139 mmol) acrylic acid-2-ethoxyethyIester and 1 9 g toluene are added. 
The mixture is reacted at 115 °C for 2,5 h. After evaporation of volatile components 33.4 g 
s. (98% , based on the second monomer) copolymer are obtained. Total conversion is 60%. 

GPC : Mn = 3900, Mw = 7800, PD = 2 

Example B1 4. Blockcopolvmer from n-butvlacrvlate and acivtlc acid-3-hvdroxvoropvlester 
3 g (8.34 mmol) of compound 102, 17.8 g (139 mmol) n-butylacrylate and 9 g dioxane are 
reacted at 1 05 °C for 2,5 h. After evaporation of volatile components 15.2 g (69%) polymer 
are obtained. 18.1 g (139 mmol) acrylic acid-3-hydroxypropy tester and 18 g cfioxane are 
added. The mixture is reacted at 105 °C for 2 h. After evaporation of volatile components 
33.8 g (100% , based on the second monomer) copolymer are obtained. Total conversion is 
69%. 

GPC : Mn = 3300, Mw= 11500, PD = 3.5 

Example B15. Blockcopolvmer from n-butvlacrvlate and acrylic acid 
1.85 g (5.1 mmol) of compound 102, 20 g (156 mmol) n-butylacrylate and 10 g octane are 
reacted at 1 30 °C for 2,5 h. After evaporation of volatile components 21 .3 g (97%) polymer 
are obtained. 1 .12 g (15.6 mmol) acrylic acid and 11 g dioxane are added. The mixture is 
~ reacted at 105 °C for 2.5 h. After evaporation of volatile components 22.3 g (89% , based on 
the second monomer) copolymer are obtained. 

GPC : Mn = 42Q0, Mw = 6500, PD^1.6 

Example B16. Blockcopolvmer from n-butylacrviate and methvlmethacrvlate 
3.08 g (8.58 mmol) of compound 102 t 20 g (156 mmol) n-butylacrylate and 10 g octane are 
reacted at 1 30 0 C for 2,5 h. After evaporation of volatile components 22.7 g (98%) polymer 
are obtained. 15.6 g (156 mmol) methylmethacrylate and 10 g octane are added. The 
mixture is reacted at 1 30 0 C for 2.5 h. After evaporation of volatile components 29.4 g 
copolymer are obtained. Total conversion is 43%. 
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GPC : Mn = 2600, Mw = 3900, PD - 1 .5 

Example B17. Blockcopoh/mer from n-butvlacrvlate and methacrvlic add-2-dhnethvlamlno- 
ethvlestertMADMAEB 

1.37 g (3.81 mmol) 102, 16.3 g (127 mmol) n-butylacrylate and 18 g octane are reacted at 
130 °C for 2.5 h. Volatile components are evaporated and 20 g {127 mmol) MADMAEE in 18 
g octane are added and reacted at 130 °C for 2.5 h. After evaporation of volatile components 
30.3 g (80%) of blockco polymer are obtained. 

GPC : Mn « 4800, Mw«9700, PD-2 

Example B18. Homopolvmerizatton of stvrene using compound 102 
In a 50 ml flask 0.71 9 g (2 mmol) of compound 102, 20.9 g ( 200 mmol) styrene and 20 g 
toluene are mixed. The mixture is refluxed and polymerized for 6 h. After evaporation of 
volatile components 9.73 g (47 %) polymer are obtained. 

GPC : Mn = 3100, Mw = 4900, PD = 1.6 

Exspple B19. In sjtu preparation 9f Initiator from cqmpoun^ 104 and ^obislqQbMtyronitriie 
and simultaneous polymerization of n-birtvlacrvlate 

0.447 g (3.12 mmol) 104, 0.512 ( 3.12 mmol) azobisisobutyronitrile (AIBN), 20 g (156 mmol) 
n-butylacrylate and 1 0 g octane are mixed in a 1 00 ml flask and degassed. The mixture is 
reacted at 80 °C for 2 h under stirring. Temperature is slowly raised to 1 30 0 C. 
Polymerization is conducted at 130° C for 2.5 h. After evaporation of volatile components 5.1 
g (21 %)"polymer are obtained. ~ * * 

GPC : Mn = 1200, Mw =* 1700, PD = 1.4 

Example B20. in situ preparation of initiator from compound 104 and V-65 with simultaneous 
polymerization of n-butvlacrvlate 

0.670 g (4.7 mmol) of compound 104, 1.162 g (4.7 mmol) of compound V-65, 30 g (234 
mmol) n-butylacrylate and 15 g octane are mixed in a 100 ml flask and degased. The 
mixture is stirred for 30 min. at 80° C. The temperature is slowly raised to 130°C. The 
mixture is polymerized at 130° C for 2.5 h. After evaporation of volatile components 1 1 .4 g 
polymer are obtained, corresponding to 38% conversion. 
GPC : Mn = 2800, Mw*5700, PD * 2.0 
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Example B21. In situ preparation of initiator from compound 104 and V-65 with subsequent 
polymerization qf n-buftriacrvlate 

0.670g (4.7 mmol) of compound 104, 2.034 g (8.2 mmol) of compound V-65 and 15 g octane 

are mixed in a 100 ml flask and degased. The mixture is stirred for 1 .25 h at 80°C. 

30 g (234 mmol) of n-butylacrylate are added and the temperature is slowly raised to 130°C. 

The mixture is polymerized at this temperature for 3 h. After evaporation of volatile 

components 80% conversion are obtained. 

QPC : Mn = 6200, Mw = 12200, PD = 1 ,97 

Example B22. Polymerization of n-butvlacrvlate using compound 105 
In a 50 ml three neck flask, equipped with thermometer, cooler and magnetic stirrer, 1643 
mg (6 P 24 mmol) of compound 101 and 20 g (156 mmol) of n-butylacrylate are mixed and 
degased. The clear solution obtained is heated under argon to 115 °C. Polymerization starts 
spontaneously and the temperature rises to 1 30° C. After 15 minutes, the exothermal 
reaction slowly stops and the viscosity of the solution increases. The reaction mixture is 
stirred for an additional 15 minutes at 145 °C and is then cooled to 80 °C. The remaining 
monomer is removed by evaporation under high vacuum* 19,3 g (97%) of the initial 
monomer have reacted. A clear colourless viscous fluid is obtained. 

MALDI-MS : Mn = 3000, Mw = 5300, PD = 1 ,7 
QPC: Mn - 3100, Mw = 5400, PD = 1,7 

Example B23. Polymerization of n-butvlacrvlate us ing compound 106 
In a 50 ml three neck flask, equipped with thermometer, cooler and magnetic stirrer, 804 mg - 
(2,34 mmol) of compound 102 and 20 g (156 mmol) of n-butylacrylate are mixed and 
degased. The clear solution obtained is heated under argon to 145 °C. Polymerization starts 
spontaneously and the temperature rises to 170°C. After 15 minutes, the exothermal 
reaction slowly stops and the viscosity of the solution increases. The reaction mixture is 
stirred for an additional 15 minutes at 145 °C and is then cooled to 80 °C. The remaining 
monomer is removed by evaporation under high vacuum. 19,5 g (98%) of the initial 
monomer have reacted. A dear colourless viscous fluid Is obtained. 



MALDI-MS ; Mn = 4600, Mw = 7300, PD = 1,6 

Example B24. Polymerization of n-butvlacrvlate using compound 106 
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1608 mg ( 4.68 mmol) of compound 106 and 20 g (156 mmol) n-butylacryiate in 10 ml n- 
octane are reacted at 130 0 C for 2.5 h. After evaporation of volatile components 17.1 g 
(79%) polymer are obtained. 

GPC: Mn=3400, Mw = 5700, PD=1.7 

Example B25. Polymerization of acrylic add-2-ethoxvethvlester using compound 105 
1,96 g (4.16mmol) of compound 105, 20 g (139 mmol) acrylic acid-2-ethoxyethylester In 10 g 
toluene are polymerized in a 50 ml flask at 1 1 5 0 C for 5 h. After evaporation of volatile 
components 17.4 g (87%) of a viscous polymer are obtained, 

GPC : Mn = 3900, Mw = 7600, PD = 1.9 

Example B26. Polymerization of methacrylic acid-2-dlmethvlaminoethvlester usino 
compound 106 

1 .309 g (3,81 mmol) of compound 1 06, 20 g {1 27 mmol) methacrylic acid-2-dimethyl- 
aminoethylester and 10 g octane are reacted at 130 0 C for 2.5 h. After evaporation of 
volatile components 18.4 g (92%) of a viscous to solid polymer Is obtained. 

GPC : Mn = 4100, Mw = 8300, PD = 2 

Example B27. Blockcopolvmerization of n-butvlacrvlate and methacrylic acid-2- 
dimethvlamino-ethvlester usino compound 106 

2.41 1 g (7.02 mmol) of compound 106 and 20 g (156 mmol) n-butylacrylate 9 dissolved in 10 
g n-cctarie, are reacted at 130 °C for 2.5 h; Volatile [ components are evaporated under 
vacuum at 80° C and the residue is isolated. Conversion is 93%. 
In a second step 1 2.3 g (78 mmol) methacrylic acid-2-dimethylamlnoethylester and 18 g n- 
octane are added and at 130 °C for 2.5 h polymerized. After evaporation of volatile 
components 29.8 g (92%) copolymer are obtained. 

GPC : Mn = 4200, Mw =» 8600, PD = 2 

Example B28. Blockcopolvmerization of n-butvlacrvlate and isobutvlacrvlate using 
compound 105 

1.233 g (4.68 mmol) of compound 105 and 20 g (156 mmol) n-butylacrylate are reacted at 
130 °C for 40 min. The reaction mixture Is cooled down to 100 °C and 20 g (156 mmol) Iso- 
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butylacrylate are added. Reaction is continued at 1 30 4 C for 1 .5 h. After evaporation of 
volatile components 34.7 g (87%) copolymer are obtained. 

GPC : Mn = 6200, Mw = 11600, PD = 1.8 

Example B29. Random copolymer of n-butvlacrvlate and mathacrvlic acld-2-dimethvlamino- 
, ethvlester using compound 106 

2.617 g (7.62 mmol) of compound 106, 16.3 g (127 mmol) n-butylacrylaet, 20 g (127 mmbl) 
methacryilc acid-2-dimethylamtnoethylester and 18 g octane are reacted at 130 °C for 2,5 h. 
After evaporation of volatile components 36.4 g (93%) of a viscous liquid are obtained. 

QPC : Mn = 3800, Mw = 5800, PD= 1.5 

Example B30. Block-cooolvmer of n-butvlacrvlat and metiiacrvlicadd-2-dimethvlamino- 
ethvlester (MADMAEE) using compound 108 

2,617 g (7.62 mmol) of compound 106 in 82 g octane and 16.3 g (127 mmol) n-butylacrylate 
are polymerized at 1 30 ° C for 2.5 h. After evaporation of volatile components 17.8 g (93%) 
of the first polymer block are obtained. 18 g octane and 20 g (127 mmol) MADMAEE are 
subsequently polymerized at 1 30 °C for 2.5 h. After evaporation of volatile components 36.3 
g (93 %) of the block-copolymer are obtained. 

QPC: Mn = 3300, Mw = 1 1300, PD = 3.4 

Example B31 . Random c opolymer of n-butvlactvtete and acrvllc acid using compound 105 
1.3 g (4.93 mmol) of compound 1 05,-18.9 g (147.8mmol) rhbutylacrytate, 1.18 g (16.4.mmol) 
acrylic acid in 1 0 g octane are reacted at 1 30 0 C for 2.5 h. After evaporation of volatile 
components 20.7 g (97%) of a clear viscous liquid are obtained. 

GPC : Mn = 3800, Mw = 8200, PD = 2.2 

Example B32. Triblock-c opolvmer of n-butvlacrvlate / mathactvtlc add-2-dlmatiivtaminoethvl- 
aster / n-butvlacrvlata using compound 106 

3.617 g (10.53 mmol) of compound 106, 7.5 g (58.5 mmd) n-butylacrylate, 9.2 g (58.5 
mmol) MADMAEE and again 7.5 g (58.5 mmol) n-butylacrylate in octane are polymerized 
successively according to example B30 at a temperature of 130 °C for 2.5 h for each step. 
Conversions for each step are 91 %, 95 % and 34 % . 
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GPC : Mn = 2600, Mw m 4400, PD=1.7 
Example 33. HomQpolymeii^itton of stvrepe 

0.679 g (2mmol) of compound 106, 20.9 g (200 mmol) styrene and 20 g toluene are refluxed 
for 6 h. After evaporation of volatile components 19.6 g (94%) polymer are obtained. 

GPC : Mn = 9000, Mw= 10800, PD=»1.2 

Example B34. Homopolvmerizatlon of stvrena 

0.527 g (2 mmol) of compound 105, 20.9 g (200 mmol) styrene and 20 g toluene are 
refluxed for 6 h. After evaporation of volatile components 19.6 g (94%) polymer are obtained. 

GPC : Mn = 9400, Mw = 11400, PD = 1.2 

Example B35. Pseudo-btock-copdvmerisation of polystyrene of example B34 with stvrene 
5 g of the polymer of example 34 are mixed with 5 g styrene and 20 g toluene. The solution 
is degased and reacted at 1 1 0 0 c for 6 h . After evaporation of volatile components 7.7 g 
(54%) polymer are obtained. 

GPC : Mn = 13500, Mw = 17500, PD = 1.3 

Example B36. Block-copolvmer of stvrene and n-butvlaervlate 

62.5 g (0.6 mol) styrene are polymerized with 1 .68 g ( 6 mmol) of compound 1 05 in 40 g 

octane at 1 10 °C for 6 h. 42 g (66%) of polystyrene are obtained. 

GPC : Mn * 9400, Mw a 11400, PD»1.2 

To 30 g of the polystyrene 40 g (312 mmol) n-butylacrytate and 40 g octan are added. The 
mixture is heated to 130 °C for 6 h under stirring, n-butylacrylate is reacted to 98% and 69 g 
of the block copolymer are obtained. 

GPC : Mn = 13500, Mw = 19100, PD = 1.4 



Example B37. In situ preparation of initiator from compound 107 and azoblsisobutvronitrilft 
with simultaneous polymerization of n-butvlacrvlate 
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In a 100 ml flask 0.397 g (3.12 mmol) of compound 107, 0.512 g (3.12 mmol) AIBN, 20 g 
(156 mmol) n-butytacryiate and 10 g octane are mixed. The mixture Is stirred at 80°C for 2 h. 
The temperature is slowly raised to 130 °C and the mixture is reacted for 2.5 h at this 
temperature. After evaporation of volatile components 17.5 g (83 %) of a viscous liquid are 
obtained. 

GPC : Mn « 6500, Mw = 1 3200, PD * 2 

Example B38. In situ preparation of Initiator from compound 107 and V- 65 with simultaneous 
PQtymertzatton of p-butylacrylate 

In a 100 ml flask 0.397 g (3,12 mmol) of compound 107, 0.775 g (3.12 mmol) of compound 
V-65, 20 g (156 mmol) n-butylacrylate and 10 g octane are mixed. The mixture is stirred for 
30 min. at 80° C. Temperature is raised slowly to 130° C and the mixture is reacted for 2.5 h. 
After evaporation of volatile components 65% conversion is obtained. 
GPC :Mn = 5400, Mw = 9200, PD = 1.7 

Example B39. in Shu preparation of Initiator from compound 107 and V-65 with subsequent 
polymerization of n-butvlacrvlate 

In a 100 ml flask 0.595 g (4.7 mmol) of compound 107, 2.034 g (8.2 mmol) of compound V- 
65 and 15 g octane are mixed. The mixture is stirred at 80° C for 1 .25 h. 30 g (234 mmol) n- 
butylacrylate are added and the temperature Is slowly raised to 130*C. The mixture is 
allowed to react for 5 h at this temperature. After evaporation of volatile components 20% 
conversion is achieved. 

GPC:Mn = 58G0, Mw=9000, PD = 1.66 

Example B40, in situ preparation of Initiator from compound 107 and V-70 with simultaneous 
polymerization of n-butvlacrvtate 

In a 100 ml flask 0.595 g (4.7 mmol) of compound 107, 2.526 g (8.2 mmol) of compound V- 
70, 30 g (234 mmol) n-butylacrylate and 15 g octane are mixed. The mixture is stirred for 15 
min. at 60° C. Temperature is raised slowly to 130° C and the mixture is reacted for 5 h. 
After evaporation of volatile components 66% conversion is obtained. 

GPC : Mn = 4400, Mw = 7600, PD = 1.73 

Example B41 , in situ preparation of initiator from compound 1 07 and V-70 with subsequent 
polymerization of n-butvlacrvlate 
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In a 100 m! flask 0.595 g (4.7 mmol) of compound 107, 2.526 g (8.2 mmol) of compound V- 
70 and 1 5 g octane are mixed. The mixture is stirred at 60° C for 1 .25 h. 30 g (234 mmol) n- 
butylacrylate are added and the temperature is slowly raised to 130°C. The mixture is 
allowed to react for 5 h at this temperature. After evaporation of volatile components 20% 
conversion Is achieved. 

QPC : Mn = 5500, Mw » 9400, PD = 1 .72 
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What is claimed is 

1. A polymerizable composition, comprising 

a) at least one ethylenically unsaturated monomer or oligomer, and 

b) an initiator compound of formula (I) 




wherein n is 0 or 1 

Rii R& R3 are each independently of one another hydrogen, halogen, N0 2 , cyano, 
-CONRsRe, -<R 9 )COOR4, -C(0)-R7. -OR* -SRe, -NHRa, -NfR,)* carbamoyl, di(C,- 
C 18 alkyl)carbamoyl 1 -C(=NR 5 )(NHR6); 

unsubstituted C,-C 18 alkyl. C2-Ci 8 alkenyl, Qt-Cisalkynyl. CrCsphenylalkyl, Cg-C^jcycloalkyl or 
C 3 -Ci2cydoalky1 containing at least one nitrogen or oxygen atom; or 
Ci-Cisallcyl, CrCisalkenyl, CrCia alkynyl, CrCBphenylalkyl. CarC ia cycloalkyl or Cr 
Ci 2 cydoallcyl containing at least one nitrogen or oxygen atom, which are substituted by N0 2 , 
halogen, amino, hydroxy, cyano, carboxy, Ci-C4alkoxy, Ct-C 4 alky1thlo 1 Ci-C 4 alkylamino or 
dKC^allqfOamino; or 

phenyl, naphthyl, which are unsubstituted or substituted by Ci-C+alkyI, Ct-C^alkoxy, C r 
C4alkyithio, halogen, cyano, hydroxy, carboxy, C 1 -C 4 alkylamino ordi(C r C4aaqrl)amino; 
or R 2 and R* together with the linking carbon atom, form a CrC 12 cycloalkyl radical, a <C 4 - 
C 12 cycloalkanon)-yl radical or a C3-C 12 cycloalkyl radical containing at least one O atom 
and/or a NRa group; or if n is 1 




R* is hydrogen, C,-Ci 8 alkyl, phenyl, an alkali metal cation or a tetraaJkylammonium cation; 



WO 99/03894 



-45- 



PCT/EP98/04102 



R 8 and R 6 are hydrogen, d-daalkyl, Crdaalkyl which Is substituted by at least one hydroxy 
group or, taken together, form a CrC 12 alkylene bridge or a C2-C 12 -alkylene bridge 
interrupted by at least one O or/and NFU atom; 
R 7 is hydrogen, d-daalkyl or phenyl; 

Ra is hydrogen, C,-C ia alkyl or CrC 18 aikyl which is substituted by at least one hydroxy group; 
R B is Ci-C 12 alky!en or a direct bond; 

R 10 is C4-C ie alkyi bound via a tertiary C-atom to the nitrogen atom, Ca-diPhenylalkyl, Cr 
* C 12 cycloalkyl or CrCi 2 cycloalkyl containing at least one nitrogen or oxygen atom; or 
Crdaalkyl bound via a tertiary C-atom to the nitrogen atom, Ca-Cnphenylalkyl, Cg- 
C ia cycloalkyl or CrCizcydoalkyI containing at least one nitrogen or oxygen atom, which are 
substituted by N0 2 , halogen, amino, hydroxy, cyano, carboxy, Ci-dalkoxy, d-dalkyithio, 
C,-C 4 aikylamino or dl(d-C 4 alkyl)amino; or 

phenyl, naphthyl, which are unsubstituted or substituted by C r C 4 alkyl, d-C 4 alkoxy, d- 
dalkylthlo, halogen, cyano, hydroxy, carboxy, d-C 4 alkylamino or cfifd-dalkyOamino; 
if n ts 1 

Rn is d-daalkyl, CrCaphenylalkyl, CrCtacydoalkyI or Ca-dzcycloalkyl containing at least 
one nitrogen or oxygen atom; or 

d-C 18 alkyl, CrCaphenylalkyl, C3-Ci2cycloalkyl or Ca-Ctacydoalkyl containing at least one 
nitrogen or oxygen atom, which are substituted by N0 2 , halogen, amino, hydroxy, cyano, 
carboxy, d-dalkoxy, Ci-C 4 alkylthio, C 1 -C4alkylamino or dKd^lkylJamino; or 
phenyl, naphthyl, which are unsubstituted or substituted by d-daJkyl, C 1 -C 4 alkoxy, C r 
C 4 alkylthio, halogen, cyano, hydroxy, carboxy, C,-C 4 alkylamlno or dj(CrC 4 aikyl)amino; or 
a polycydic cycloaliphatic ring system or a polycyclic cycioaliphatic ring system with at least 
one di- or trivalent nitrogen atom; or 

Rio and R t1 together form adrCtaalkylene bridge, a Crdaalkylen-onbrldgeoraCr 
C 12 alkylene bridge which Is interrupted by at least one O or N atom, which bridges are 
unsubstituted or substituted with d-Ciaalkyl, hydroxy(Ci-C 4 )alkyl, phenyl, Cr-C 8 phenylalkyl, 
NO* halogen, amino, hydroxy, cyano, carboxy, d-dalkoxy, d-datkyhhio. d-C 4 alkylamino 
or di(Ci-C 4 alkyl)amlno, 

R« is hydrogen, -<Ra)COOR4, cyano, -OR* -SRa, -NHRa, -NfRak, -NH-C(0)-Ra, 
unsubstituted d-daalkyl, d-Ciaalkenyl, d-C ia alkynyl, CrCaphenylalkyl, Qrdscydoalkyi or 
Crdacydoalkyi containing at least one nitrogen or oxygen atom; or 
d-daalkyl, Crdaalkenvl, Crd a alkynyl, CrCaphenylalkyl, d-Ci2Cycloalkyl or d-Cizcydo- 
alkyt containing at least one nitrogen or oxygen atom, which are substituted by N0 2 , 
halogen, amino, hydroxy, cyano, carboxy, d-dalkoxy, d-dalkylthio, d-dalkylamino or 
dKd-dalkylJamlno; or 
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phenyl, naphthyl, which are unsubatiluted or substituted by C t -C 4 alkyl, C^alkoxy, C r 
C4alkylthio, halogen, cyano, hydroxy, carboxy, C r C 4 alkylamino t ditd-C^alkylJamino; or 
R t1 and R« together with the linking carbon atom form a C 3 -Ci2cycloalkyi radical; 
with the proviso that bis-(2^arra^ropylH4-phBnylhydroxylamine is excluded and if n « 0 
R 10 is different from the group -CRiRaRa. 

2. A composition according to claim 1 , which additionally comprises a solvent selected from 
the group consisting of water, alcohols, esters, ethers, ketones, amides, sulfoxides, 
hydrocarbons and hatogenated hydrocarbons. 

3. A composition according to claim 1, wherein the ethylenically unsaturated monomer or 
oligomer is selected from the group consisting of styrene, substituted styrene, conjugated 
dlenes, acrolein, vinyl acetate, (alkyl)acryiic acidanhydrides, (alkyl)acrylic add salts, 
(alkyl)acrylic esters or (alkyl)acrylamldes. 

4. A composition according to claim 3 wherein the ethylenically unsaturated monomer is 
styrene, a-methyl styrene, p-methyl styrene or a compound of formula CH2=C(R«MC=Z)-Rb, 
wherein R a is hydrogen or C-Cialkyl, Rb is NH* 0(Me). glycldyl, unsubsBtuted C,-C 18 alkoxy 
or hydroxy-substltuted d-Ciealkoxy, unsubstftuted Ci-Ciealkylamino, dl(C,-Ci8alkyl)amino, 
hydroxy-substituted Ci-C 18 alkylamino or hydroxy-substituted dKCrCisalkyOamino; 

Me is a monovalent metal atom 
Z is oxygen or sulfur. 

5. A composition according to claim 4, wherein R, Is hydrogen or methyl, Rb is NH 2 , gycidyl, 
unsubstituted or with hydroxy sjubjsBM!^ 

C 4 alkyl)amino, hydroxy-substituted CrC^kylamino or hydroxy-substituted di{C t - 

C 4 alkyl)amino;and 

Z is oxygen. 

6. A polymerizable composition according to claim 5, wherein the ethylenically unsaturated 
monomer Is methylacrylate, ethylacrylate, butylacrylate, isobutylaciylate, tert butyiacrylate. 
hydroxyethyiacrylate, hydroxypropylacnylate,dimethylaminoethylacryiate, gtycldylacrylates, 
methyl(meth)acrylate, ethyl(meth)acrylate p butyi(meth)acrylate. hydroxyethyKmeth)acrylate, 
hydroxypropyl{meth)acrylate, dlmethytemlncetoyKmethJacrvlate, glycidyl(meth)acrylates, 
acrylonitrile, acrylamide or metnacrylamide. 
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7. A composition according to daim 1, wherein 
nisOor 1; 

Ri. R 2 , R3 are each independently of one another N0 2 , cyano, -(RgJCOOR*, -CONR 5 R 6 , - 

C(0)-R 7 , -OR* carbamoyl, difd-daaikyOcarbamoyl, -C(aNR 5 )(NHRe); 

unsubstituted d-dealkyl, Crdphenylalkyl or CrC 12 cycloalkyl; or 

d-dealkyl, CrC 9 pheny1alkyl or Crdacycloalfcyl, which are substituted by amino, hydroxy, 

cyano, carboxy, C^aflcoxy, d-dalkylamino or cfl(d-dalkyl)amino; or 

phenyl, which are unsubstituted or substituted by Ci-C^lkyi, d-dalkoxy, d-dalkylthio, 

halogen, cyano, hydroxy, carboxy, C 1 -C 4 alkylamlno or cfl{Ci-C 4 aIkyl}amino; 

or R 2 and R3, together with the Bnking carbon atom, form a C3-C 12 cycloalkyt radical; 

R4 is, d-dealkyl, phenyl, an alkali metal cation or a tetraafkylammonium cation; 

R 6 and R 6 are hydrogen, d-dealkyl, Crdaalkyl which is substituted by at least one hydroxy 

group or, taken together, form a C 2 -C 12 a!kyiene bridge; 

R 7 Is hydrogen, d-Ciaalkyl or phenyl; 

R 8 is d-dealkyl or CrC 18 alkyl which is substituted by at least one hydroxy group; and 
R 9 is d-daikylen or a direct bond. 

R 10 is d-dsalkyl bound via a tertiary C-atom to the nitrogen atom, phenyl, CVdtphenylalkyl 

orC3-C 12 cydoalkyl; 

If n is 1 

Rn is d-dealkyl, d-dphenylalkyi or QrdaCycloalkyl or 

R 10 and Rn together form a CrC 12 alkylene bridge or a Crd 2 alky!ene bridge which is 
interrupted by at least one O or N atom, which bridges are unsubstituted or substituted with 
Crdaalkyl; 

R 12 is, unsubstituted d-dealkyl, phenyl, <VC 9 phenylalkyl or CrC 12 cydoalkyt or 
Rn and R 12 together with the Bnking c^bti atomrform a C3^i 2 <^clbtikyr mdic^r' " 

8. A composition according to claim 7, wherein 
n is 0 or 1 ; 

Ri. R* R3 are each independently of one another N0 2 , cyano, -(RgJCOOR* -CONR5R5 , - 

CfOJ-Rr, -ORa, carbamoyl, di(d^ealkyl)carbamoyl, -C(=NRs)(NHRe); 

unsubstituted d-d^kyl, Crdphenylalkyl or Cs-dcycloalkyi; or 

d-C»alkyl, Crdphenylalkyl or (Vdcyctoaikyl or, which are substituted by amino, hydroxy, 

cyano, carboxy, d-C 4 alkoxy, C 1 -C 4 aikylamino or di(C r dalkyi)amino; 

or phenyl, 

or R 2 and R 3 , together with the linking carbon atom, form a C$-d cycioalkyl radical; 
R 4 is d-Ceafcyl, phenyl, an alkali metal cation or a tetraalkylammonium cation; 
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R s and Ra are hydrogen, d-Cealkyl, C^-Caalkyl which is substituted by at least one hydroxy 
group or, taken together, form a CrCealkylene bridge; 
R 7 is hydrogen, Ci-CaalkyI or phenyl; 

Ra is d-Cealkyl or CrC 8 alkyt which is substituted by at least one hydroxy group; 
R 9 is Ci-C 4 aikyten or a direct bond; 

R t0 is C 4 -Ciaaikyl bound via a tertiary C-atom to the nitrogen atom or phenyl; 
If n Is 1 

R n is CrC ia a!kyl ( phenyl or CVCsphenylalkyl or 

R 10 and R 1t together form a C 2 -C 12 alkylene bridge or a C r Ci 2 aIkylene bridge which is 
interrupted by at least one O or N atom, which bridges are unsubstituted or substituted with 
Ci-C ta alkyl; 

R 12 is unsubstituted CrCiealkyi or phenyl 

9. A composition according to claim 8, wherein 
nisOorl; 

Ri» R2. Ra are each independently of one another N0 2 , cyano, -C(0)-R 7 , -ORe. unsubstituted 

Ci -Ci 2 alkyi or phenyl, which Is unsubstituted or substituted by Ci-C 4 alkyl, C 1 -C 4 alkoxy, 

cyano, hydroxy, carboxy, Crdalkylamino or cB(Ci-C4alkyl)amlno; 

or R 2 and R 3 , together with the linking carbon atom, form a C5-C7 cycioalkyl radical; 

R 7 is, Ci-Csalkyl or phenyl; 

Ra is Ci-Csalkyl or CrC a alkyl which is substituted by at least one hydroxy group and 
Rio Is C 4 -Ciealkyl bound via a tertiary C-atom to the nitrogen atom, phenyl or C*- 
Cuphenylalkyt; 
ifnisl 

Rn isd^Ci 2 alkyl; or , .~. ^ — — - — — 

Rio and Rn together form a CrCealkylene bridge which is unsubstituted or substituted with 
CrC 4 aIkyi; 

Ri 2 to hydrogen, unsubstituted d-C 4 alkyl or phenyl. 

10. A composition according to claim 1 , wherein 
nisO 

Rt is cyano; 

R 2 and Ra are each Independently of one another unsubstituted C^ -C i2 alkyl or phenyl; 
or R 2 and R3, together with the Unking carbon atom, form a C5-C7 cycioalkyl radical; 
R 10 is CrCualkyl bound via a tertiary C-atom to the nitrogen atom, Ca-Cnphenylalkyl or 
phenyl. 
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11. A composition according to claim 1 , wherein 
nisi 

FUscyano; 

R 2 and R3 are each independently of one another unsubstituted d -C 12 alkyl or phenyl; 
or R 2 and R 3> together with the linking carbon atom, form a C5-C7 cycloaikyl radical; 
R 10 is GrC 12 alkyl bound via a tertiary Oatom to the nitrogen atom, Cg-Cnphenylalkyl or 
phenyl; or 

R 10 and Rn together form a C r C fl alkylene bridge which is unsubstituted or substituted with 
Ci-C 4 alkyl; and 
R 12 is Ci-C 4 alkyl. 

12. A process for preparing an oligomer, a cooligomer, a polymer or a copolymer (block or 
random) by free radical polymerization of at least one etbylenically unsaturated monomer or 
oligomer, which comprises (co)polymerizing the monomer or monomers/oligomers In the 
presence of an initiator compound of formula (I) according to claim 1 under reaction 
conditions capable of effecting scission of the O-C bond to form two free radicals, the racfical 
«CR t R 2 R3 being capable of initiating polymerization. 

13. A process according to claim 12, wherein the sdssion of the O-C bond is effected by 
ultrasonic treatment, heating or exposure to actinic radiation. 

14. A process according to claim 12, wherein the scission of the O-C bond is effected by 
heating and takes place at a temperature of between 50°C and 160°C. 

15. A process according to claim 12 for preparing a block copolymer involving at least two ~ 
stages, which comprises forming a polymer with alkoxyamine end groups of the general 
structure of formula II 




(II), wherein n, R 1( R 2 » Ra Rio Rn and R t2 are as defined in 



I 

polymer 



claim 1 , the polymer containing the initiator group -CR1R2R3 and having the oxyamine group 
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essentially attached as terminal group, and adding a further monomer followed by heating to 



form a block copolymer. 

16. A process for preparing a oligomer, a cooligomer, a polymer or a copolymer (block or 
random) by free radical polymerization of at least one ethylenteally unsaturated monomer or 
oligomer, which comprises 

generating a free radical •CR1R2R3 (V) from a compound capable of eliminating a neutral 
molecule, or undergoing C-C bond-scission upon thermal or photochemical treatment, or by 
hydrogen abstraction from a compound R 1 R 2 R 3 C-H in reaction with reactive radicals, and 
reacting the free radical »CRiR 2 R3 (V) with a compound of formula R 10 NO or 



in the presence of at least one ethylenically unsaturated monomer or oligomer. 

17. A polymer or oligomer, having at least one initiator group -CRiR 2 Ra and at least one 



R r1 and R12 are as defined in claim 1, obtainable by the process according to claim 12. 
18. A compound of formula (I) 




'10 in a solvent which does not interfere with the radical reaction 




n r 
O 




wherein n is 0 or 1 
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Ri, R 2 , R3 are each independently of one another hydrogen, halogen, N0 2 , eyano, 
-CONR 9 R6 , -(R 9 )COOR4, -C(0)-R 7l -OR e , -SR 8 , -NHRa, -N(Rb) 2i carbamoyl, dl(C r 
C 18 alKyl)carbamoyl, -C(=NRs)(NHRe); 

unsubstituted d-CiaalkyI, C2-C 18 aikenyl, C2-C 1B alkynyl, CrCgphenylalkyl, CrCi a cycloalkyl or 
C3-Ci 2 cycloalkyl containing at least one nitrogen or oxygen atom; or 
Ct-Cwalkyl, CrCisalkenyl, C2-C18 alkynyl, CrCsphenylalkyl, CrCiacycloalkyl or Qr 
Cijcycloalkyl containing at least one nitrogen or oxygen atom, which are substituted by NO2, 
halogen, amino, hydroxy, cyano, carboxy, C 1 -C 4 alkoxy, Ci-C^alkylthio, Ci-C 4 alkylamino or 
di(Ci-C4alkyl)amino; or 

phenyl, naphthyl, which are unsubstituted or substituted by d-dalkyl, d-daikoxy, d- 
dalkylthio, halogen, cyano, hydroxy, carboxy, d-dalkylamino or di(d-dalkyl)amino; 
or R 2 and R 3 , together with the linking carbon atom, form a C 3 -C 12 cycloalkyl radical, a (C 4 - 
C 12 cydoa!kanon)-yi radical or a GjrC 12 cycloalkyl radical containing at least one O atom 

? 1 

and/or a NRa group; or if n Is 1 R2— j are a group 

R3 

Ri is hydrogen, d-daalkyi, phenyl, an alkali metal cation or a tetraalkylammonium cation; 
R 5 and R e are hydrogen, C r C 18 alkyl f Cz-dsalkyl which is substituted by at least one hydroxy 
group or, taken together, form a CrC 12 alkylene bridge or a CrCiralkylene bridge 
interrupted by at least one O or/and NRa atom; 
R 7 is hydrogen, C r C 18 alkyl or phenyl; 

Ra is hydrogen, d-daalkyl or C2-C 18 atky) which is substituted by at least one hydroxy group; 
R B is C r C 12 alkylen or a direct bond; 

R t0 is C 4 -Ciealkyi bound via a tertiary C^atom to the nitrogen atom; GrCnphenylalkyl. ea- 
C 12 cycloalkyi or C3-C 12 cycloalkyl containing at least one nitrogen or oxygen atom; or 
C 4 -C 18 alkyl bound via a tertiary C-atom to the nitrogen atom, Crd.phenylalkyl, Or 
C 12 cycloaIkyl or CrCi2cycloalkyl containing at least one nitrogen or oxygen atom, which are 
substituted by NO* halogen, amino, hydroxy, cyano, carboxy, d-dalkoxy, Ci-C 4 alkylthio, 
d-da)kylamino or di(d-dalkyl)amino; or 

phenyl, naphthyl, which are unsubstituted or substituted by d-dalkyl, d-dalkoxy, d- 
dalkylthio, halogen, cyano, hydroxy, carboxy, d-C 4 aikytamlno or dl(d-C 4 alkyl)amino; or 
a polycyclic cycloaliphatic ring system or a poiycyclic cycioaliphatic ring system with at least 
one di- or trlvalent nitrogen atom; 
it n is 1 
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R„ is d-Cisalkyl, Cy-Cephenytelkyl, Crdacycloalkyl or QrCtacyctoalkyl containing at least 
one nitrogen or oxygen atom; or 

Ci-C 18 alkyl, (VC^henylalkyl, CVCacycloalkyl or QrCacycloalkyl containing at least one 
nitrogen or oxygen atom, which are substituted by N0 2 , halogen, amino, hydroxy, cyano, 
carboxy, Ci-C 4 alkoxy, Ci-C^kylthio, Ci-C 4 alkylamino or di(Ci-C 4 alkyl)amlno; or 
phenyl, naphthyl, which are unsubstituted or substituted by C,-C 4 aikyl, C,-C 4 alkoxy, C- 
C 4 alkylthio, halogen, cyano, hydroxy, carboxy, d-C 4 alkylamino or di{C,-C 4 alkyl)amino; or 
a polycyclic cycloaliphatic ring system or a polycycllc cycloaliphatic ring system with at least 
one di- or trivalent nitrogen atom; or 

R 10 and R n together form a CrCiaalkylene bridge, a C r C 12 alkylen-on bridge or a Cr 
Ci 2 alkylene bridge which is interrupted by at least one O or N atom, which bridges are 
unsubstituted or substituted with Ci-C 18 alkyl, hydroxy(Ci-C 4 )alkyl, phenyl, CrC 9 phenylalkyl, 
N0 2 , halogen, amino, hydroxy, cyano, carboxy, Ci-C 4 alkoxy, C,-C 4 alkylthio, d-dalkyiamino 
ordl(Ci-C 4 alkyl)amino, or 

R 12 Is hydrogen, -(RaJCOOR* cyano, -OR* -SRe, -NHRs, -N(R B ) 2 , -NH-C(0)-R8, 
unsubstituted Ci-CieaJkyl, Crdealkenyl, CrCiBalkynyl, CrCsphenylalKyl, Crdacycloalkyl or 
C 3 -Ci 2 cycloalkyl containing at least one nitrogen or oxygen atom; or 
Ci-CtsaHcyl, Ca-Cisalkenyl, CrC i9 alkynyl, Crdphenylaikyl, CrdacycloaJkyi or drdacyclo- 
alkyl containing at least one nitrogen or oxygen atom, which are substituted by N0 2 , 
halogen, amino, hydroxy, cyano, carboxy, d-dalkoxy, Ci-C^lkylthlo, C-C+alkylamino or 
di(Ci-C 4 alkyl}amino; or 

phenyl, naphthyl, which are unsubstituted or substituted by Ci-C 4 alkyl, C,-C 4 alkoxy, d- 
C 4 alkylthio, halogen, cyano, hydroxy, carboxy, Ci-C 4 alkylamino, di(Ci-C 4 alkyl)amino; or 
R 1t and Ria together with the linking carbon atom, form a Ca-Ci2cycioalkyl radical; 

with the proviso that - -~ — 

if n is 0 Rio is different from the group -CR t R 2 R3, and » R, is CN and Ra and R 3 are methyl, 

R 10 is not phenyl, phenyl substituted by methyl, 2,4,6-trimethyl, chlor, fiuor, (3-methyl,4-fluor), 

(3-fluor, 4-methyl), (4-fluor, 2-methyl), (4-fluor, 2-methoxy), (2-fluor, 3,5-methyl), 2,5-di- 

tert,butyl, nitro, 3,5-dinitro or 2 (-O-CHCHaJjCN) 4-nitro; and 

if n is 1 , R« Is hydrogen, R t o phenyl or benzyl and R« phenyl, 

R„ Ra and Rs are not a group -C(CHj)aCN, -C^HaJaCOOCHa, benzyl, methylbenzyl, 




and 
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the compound according to formula I is not 




CN 

19. A compound according to claim 18, wherein 
nisOor 1; 

Ri, Rz. Ra are each independently of one'another N0 2 , cyano, -C(0)-R 7 , -OR* unsubstituted 

C t -C 12 alkyl or phenyl, which is unsubstituted or substituted by C r C 4 a}kyl, CrC 4 a!koxy, 

cyano, hydroxy, carboxy, d-C^lkylamino or di(Ci-C 4 alkyl)amino; 

or R 2 and R 3 , together with the linking carbon atom, form a C5-C7 cycloalkyl radical; 

R 7 is, CrCaalkyl or phenyl; 

R 8 is Ci-Ceallcyl or C 2 -C 8 alkyl which is substituted by at least one hydroxy group and 
R 10 is C 4 -Ci 8 aikyl bound via a tertiary C-atom to the nitrogen atom, phenyl or Cg- 
Cnphenylalkyi; 
if nisi 

Ri ! is Ci-C 18 alky1, CrC 9 phenylalkyJ or CrCiacycloalkyl or 

R 10 and Rn together form a C^alkylene bridge which is unsubstituted or substituted with 
Ci-C 4 alkyl; 

R t2 is , unsubstituted C t -C 4 alkyl or phenyl. 

20. A compound according to claim 18, wherein 

niso ■ • ■ ' — — 

R1 is cyano; 

R 2 and Ra are each independently of one another unsubstituted C 1 -C 12 aikyl or phenyl; 
or R a and R3, together with the linking carbon atom, form a Cg-Cr cycloalkyl radical; 
R t0 is C 4 -C 12 alkyl bound via a tertiary C-atom to the nitrogen atom, Cg-Cuphenylalkyl or 
phenyl. 

21 . A compound according to claim 1 8, wherein 
nis 1 

Ri Is cyano; 

Ra and Ra are each independently of one another unsubstituted Ci -C 12 aikyi or phenyl; 
or R 2 and R 3 , together with the linking carbon atom, form a C5-C7 cycloalkyl radical; 
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R,o Is C 4 -Ci 2 alkyl bound via a tertiary C-atom to the nitrogen atom, C-Cnphenylalkyl or 
phenyl; or 

R,o and Rn together form a C 2 -C 8 alkylene bridge which Is unsubstltuted or substituted with 

Cy-C^lky!; and 

R 12 isCi-C4alkyl. 



22. A compound of formula (IV) 




wherein n Is 0 or 1 

Ri, R 2 , Ra a>« each independently of one another hydrogen, halogen, N0 2 , cyano, 
-CONR s Ra, ^COOFU, -C(0)-R 7 . -ORe. -SR* -NHRa, -N(R8) 2 . carbamoyl, di(Cr 
Ciealkyl)carbamoyl,-C{=NR5)(NHR6); 

unsubstltuted C,-C 1fl aJkyl, CrC 18 a1kenyl, CrC 18 alkynyl, CrCephenylalkyl, CVCizcycloalkyl or 
C3-C 12 cycloalkyl containing at least one nitrogen or oxygen atom; or 
C,-C 18 alkyl, CrCaalkenyl, C-CtB alkynyl, CrC B phenylalkyl. CrCi^cloalkyl or C3- 
CttCycloalkyl containing at least one nitrogen or oxygen atom, which are substituted by NO a , 
halogen, amino, hydroxy, cyano, carboxy, Ci-C 4 alkoxy, C^kylthio, C,-C 4 alkylamino or 
di(Ci-C 4 alkyl)amino; or 

phenyl, naphthyl, which are unsubstltuted or substituted by C,-C 4 alkyl, C,-C 4 alkoxy, C- 
C 4 aQcylthio, halogen, cyano, hydroxy, carboxy, CM : C 4 alkylamlno or di(C,^ 4 all^)amlno; 
or R 2 and R 3 , together with the linking carbon atom, form a CrCi 2 cyctoalkyi radteal, a (C 4 - 
C 12 cycloalkanon)-yl radical or a C3-C 12 cycloalkyl radical containing at least one O atom 
and/or a NR 8 group; or if n is 1 




R« is hydrogen, C-Csalkyl, phenyl, an alkali metal cation or a tetraalkylammonium cation; 
R 5 and Re are hydrogen, C-Caalkyl, CrC,ealkyl which is substituted by at least one hydroxy 
group or, taken together, form a CrCi^kylene bridge or a Ca-Ciralkylene bridge 
interrupted by at least one O or/and NR 8 atom; 
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Rt is hydrogen, CrCi fl a!kyl or phenyl; 

R 8 is hydrogen, Ci-CisalkyI or CrCiaalkyl which is substituted by at least one hydroxy group; 
R g is CrC 12 alkyten or a direct bond; 

Rio Is C 4 -Ci8alkyl bound via a tertiary C-atom to the nitrogen atom, Co-Ct,phenylalkyI, C3- 
Ci2cycioalkyi or CrC 12 cycloa!kyl containing at least one nitrogen or oxygen atom; or 
C 4 -Cieatkyl bound via a tertiary C-atom to the nitrogen atom, Cg-Cnphenylalkyl, Cr 
■\ C 12 cycloalkyl or C3-C 12 cyc!oaIkyt containing at least one nitrogen or oxygen atom, which are 
substituted by N0 2t halogen, amino, hydroxy, cyano, carboxy, Ct-C 4 aIkoxy f Ci-C 4 alkyIthio, 
Ci-C 4 alkylamino or di(C r C4alkyl)amino; or 

phenyl, naphthyl, which are unsubstituted or substituted by C-C^kyl, Ci-C 4 alkoxy, C r 
C 4 alkylthio, halogen, cyano, hydroxy, carboxy, C r C 4 alkylamino or difCt-C^alkyOamlno; or 
a polycyclic cycloaliphatic ring system or a polycyclic cycioaliphatic ring system with at ieast 
one di- or trivalent nitrogen atom; 
Wnlsl 

R11 is CrCiaalkyl, CrC fi phenylalkyl, QrC 12 cycloalkyl or C3-C 12 cycloalkyl containing at least 
one nitrogen or oxygen atom; or 

Ci-Ci 6 alkyl, CrC 9 phenylalkyl f CVCizcycloalkyi or Ca-Ct^ycloalkyl containing at least one 
nitrogen or oxygen atom, which are substituted by N0 2f halogen, amino, hydroxy, cyano, 
carboxy, C,-C 4 alkoxy, C 1 -C 4 alkylthio f Ci-C 4 alkyIamino or dKCi^alkyOamino; or 
phenyl, naphthyl,, which are unsubstituted or substituted by Ci-C 4 alkyl, C t -C 4 alkoxy, C t - 
C 4 alkylthio, halogen, cyano, hydroxy, carboxy, CrC^kylamino or dKC^alkylJamino; or 
a polycyclic cydoaliphatic ring system or a polycyclic cycloaliphatic ring system with at least 
one di- or trivalent nitrogen atom; or 

R 10 and R11 together form a Crdaaikylene bridge, a Crda alkyten-on bridge or a C r 
C 12 alkylene bridge which Is Interrupted by at least one O or N atom, which bridges are " 
unsubstituted or substituted with C r Ct B alkyl, hydroxy(d-C 4 )alkyl, phenyl, CrC»phenylaIkyl, 
N0 2 , halogen, amino, hydroxy, cyano, carboxy, C^alkoxy, C 1 -C 4 alkylthto f d-C 4 alkylamino 
or di(C 1 -C 4 alkyl)amino; 

R 12 is hydrogen, -(R 9 )COOR 4 , cyano, -OR* -SR B , -NHRe. -NfRafe, -NH-C{0)-R B , 
unsubstituted Ci-Ci B alky1 f CrC 1B alkenyl, C2-C 1B alkynyl, CrCephenylalkyl, C3-Ci 2 cycloalkyl or 
QrC 12 cycloaIkyl containing at least one nitrogen or oxygen atom; or 
Ci-Ciaalkyl t C2-Ct8alkenyl f CrCte alkynyl, CrCsphenylalkyl, CrC 12 cycloalkyl or CrC^cycto- 
alkyl containing at least one nitrogen or oxygen atom, which are substituted by NO* 
halogen, amino, hydroxy, cyano, carboxy, C r C 4 alkoxy, Ci-C 4 alkylthio, C t -C 4 alkylamino or 
di(Ci-C 4 alkyi)amino; or 
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phenyl, naphthyl, which are unsubetituted or substituted by d-G^tyl, C^alkoxy, C r 
C4alkylthio, halogen, cyano, hydroxy, carboxy, Ci^alkylamino, 
di(C,-C 4 alkyl)amlno; or 

R„ and R 12 together with the linking carbon atom, form a C 3 -C 12 cycloalkyl radical; 
with the proviso that 

it n is 0 Rio is different from the group -CR 1R2R3, and if Ri is CN and R 2 and R 3 are methyl, 
R 10 is not phenyl, phenyl substituted by methyl, 2,4,6-trimethyl, chlor, fluor, (3-methyl,4-fluor), 
' (3-fluor, 4-methyl), (4-fluor, 2-memyl), (4-fluor, 2-methoxy), (2-fluor, 3,5-methyl), 2,5-dl- 
tert.butyl t nitro, 3,5-dnitro or 2 (-0-C(CH3)2CN) 4-nltro; and 
if n is 1 , R t 2 is hydrogen, R, 0 phenyl or benzyl and R« phenyl, 
R,, R 2 and R 3 are not a group -C(CH 3 )2CN, -C(CH 3 )2COOCH 3 . benzyl, methylbenzyl, 



dimethylbenzyl, 



— CH 



or 




and 



the compound according to formula IV is not 



CH. 



N 



■CN 



CH 3 



23. A process for preparing a compound of formula (I) according to claim 1 




by generating a free radical «CRiEVV (V) from a compound capable of eliminating a neutral 
molecule, or undergoing C-C bond-scission upon thermal or photochemical treatment, or by 
hydrogen abstraction from a compound R 1 R 2 R 3 C-H in reaction with reactive radicals, and 
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reacting the free radical •CR 1 R 2 Ra (V) with a compound of formula R 10 NO or 



R t 2 j^^io ^ a solvent which does not interfere with the radical reaction. 
CL 




24. A process according to claim 23 wherein the free radical •CR t R 2 R 3 is prepared by 
heating or irradiation of a compound of formula Ilia, lllb or lllc 



25. A process according to claim 23, wherein the radical •CR 1 R 2 R3 is prepared by heating at 
a temperature from 40 to 1 50 p (X 

26. A process according to claim 23, wherein the free radical source is 2 f 2 , -azobisisobuty~ 
ronitrite, 2,2 , -azobis(2-methylbutyronitrile) P 2 v 2 1 -azobis{2 l 4-dimethylva]eronitrile) 9 2^-azobis- 
(4-methoxy-2 l 4-dImethylvaleronitrae) f l^'^obistl-cyctohexanecarbonitrile), 4,4 , -azobis{4- 
cyanopentanoic acid), 2,2 , -azobis0sobutyramide), dihydrate, 2-phenylazo-2,4-dimethyl-4- 
methoxyvaleronitrile, dimethyl-^'-azobislsobutyrate, 2-(carbamoylazo)isobutyronitrile l 2,2*- 
azobis(2,4,4-trimethyipentane) t 2,2'-azobis{2-methyipropane) 1 2 f 2 , -azobis(N,N'-dimethylene- 
isobutyramidinej/free base or hydrochloride, 2,2 , -azobis(2-amidinopropane), free base or 
hydrochloride, 2,2 , -azobis{2-methyl-N-[1 .l^s^ydroxymethyOettiyllDroplonamide} or 2,2*- ~ 
azobis{2-methyl-N-[1 ,1 -bis{hydroxymethyl)-2-hydroxyethyHpropionamide. 

27. Use of a compound of formula l according to daim 1 for polymerizing ethylenically 
unsaturated monomers. 

28. A polymerizable composition, comprising 

a) at least one ethylenically unsaturated monomer or oligomer, 

b) a compound of formula (IV) and 

c) a radical initiator according to claim 23 capable of generating a free radical of formula (V) 




H (lllc). 
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wherein n, R i( R 2 , R 3 , Rio, Rn and R 12 are as defined in claim 1. 
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1. Claims: 1-17 

A polymerisable composition comprising an ethylenically 
unsaturated monomer and a compound of formula (I)» a process 
to carry out the polymerisation of this polymerisable 
composition and the polymer obtained by this process. 

2. Claims: 18-21, 23-27 

A compound of formula (I), a process for its preparation and 
its use in a process for polymerising ethylenically 
unsaturated monomers. 

3. Claim : 22 

A compound of formula (IV). 

4. Claim : 28 

A polymerisable composition comprising an ethylenically 
unsaturated monomer, a compound of formula (IV) and a source 
of free radicals of formula (V). 
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